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FOREWORD 


In  this  report  are  given  the  transcripts  of  panel  summaries  and  dis¬ 
cussions  developed  at  a  Workshop  held  at  Iowa  State  University  October  27- 
29,  1980.  The  subject  of  the  Workshop  was  related  to  Retirement-for-Cause 
(RFC)  strategies  with  particular  emphasis  placed  upon  the  role  of  nonde¬ 
structive  evaluation  (NDE)  in  such  strategies. 

The  Workshop  was  composed  of  several  parts.  On  the  first  day,  a  series 
of  overview  papers  was  presented  which  served  to  establish  a  common  founda¬ 
tion  for  Workshop  participants,  who  came  from  both  the  RFC  and  NDE  communi¬ 
ties.  On  the  second  day,  the  participants  were  divided  into  three  groups 
to  discuss  and  compare  notes  on  three  important  subjects.  One  panel  was 
asked  to  consider  various  operational  topics  in  NDE  of  importance  to  RFC. 

These  topics  included  NDE  reliability,  quantitative  features  of  NDE  (what 
data  does  one  store?),  standards,  internal  defects,  benefits  of  automation, 
genericism,  sensitivity  questions,  and  questions  of  time  and  funding  neces¬ 
sary  to  implement  proper  technology  transfer  steps.  The  second  group  addressed 
the  subject  of  NDE  measurement  opportunities  and  "windows."  Emphasis  was 
placed  upon  three  topics;  they  were  measurement  opportunities  and  evaluation 
for  RFC,  residual  stresses,  microstructure,  fracture  toughness,  flaw  sizing, 
and  transducer  improvements  and  signal  processing.  Finally,  the  third  group 
considered  topics  related  to  failure  prediction  and  accept/reject  criteria. 
Included  in  the  list  were  discussions  related  to  the  role  of  accept/reject 
criteria  in  driving  NDE  requirements,  effects  of  accumulated  damage  and  per¬ 
formance  history,  the  utilization  of  extreme  value  statistics,  decision 
display  alternatives  and,  finally,  liability  considerations.  The  third 
half-day  was  devoted  to  the  presentation  of  summaries  of  the  panel  discus¬ 
sions.  These  summaries  evoked  considerable  discussion  among  the  Workshop 
participants.  Transcripts  of  these  summaries  and  the  ensuing  discussion 
form  the  principal  content  of  this  report. 

It  was  the  consensus  of  opinion  of  the  Workshop  participants  that  the 
Workshop  provided  a  needed  and  desirable  Interdisciplinary  forum  for  tech¬ 
nical  information  exchange.  This  exchange  should  be  continued;  many  parti¬ 
cipants  expressed  the  feeling  that  this  kind  of  forum  should  be  provided 
on  a  more  frequent  basis  to  help  promote  technology  transfer. 
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The  Workshop  organizers  wish  to  express  their  thanks  to  the  Defense 
Advanced  Research  Projects  Agency  for  sponsoring  the  Workshop,  to  the 
speakers  who  provided  necessary  information,  to  the  participants,  and  to 
members  of  the  Iowa  State  University  staff. 


Donald  0.  Thompson 
Principal  Investigator 
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9:50 

10:15 

10:30 

I  t  :00 
11:25 

11:50 

12:30 


R.R.  Rowand,  Chairman 
Regi strati  on 

Welcoming  Remarks  -  R.S.  Hansen,  Ames  Laboratory 
RFC:  History  and  Purpose  -  W.  Reimann,  AFML 
DARPA  RFC  Goals  and  Objectives  -  M. J .  Buckley,  DARPA 
Workshop  Plans  and  Purpose  -  D.0.  Thompson,  Ames 
Laboratory 
Break 

Application  of  Engine  Component  RFC  -  J.A.  Harris, 
Pratt  &  Whitney 

NDE  System  Requirements  -  J.  Doherty,  Pratt  &  Whitney 
Importance  of  Probability  of  Detection  and  Reliability 
of  Measurement  Requirements  -  J.  Moyzis,  AFML 
Design  Trends  in  Turbine  Engines  -  T.G.  Fecke,  AFPL 
Lunch 


D.0.  Thompson,  Chairman 

1:30  Flaw  Character i sties  in  Turbine  Engine  Materials  - 

C.H.  Wells,  Southwest  Research  Institute 
2:15  Role  of  Materials  Failure  Modes  in  RFC  -  0.  Buck, 

Ames  Laboratory 
3:00  Break 

3:15  Impact  of  RFC  Requirements  on  Nondestructive  Measure¬ 

ment  Techniques  -  R.B.  Thompson,  Ames  Laboratory 
4:00  Failure  Prediction  and  Accept/Reject  Criteria  for 

RFC  -  C.  Rau,  Failure  Analysis  Associates 

4:45  Discussion 

5:30  Adjourn 


Tuesday,  October  28,  1980 

8:30  a. m. -5:00  p.m.  Working  groups  will  be  formed  to  examine  key  topics  in 

RFC  strategies.  The  group  sessions  will  focus  primarily 
upon  the  nondestructive  measurement  and  accept/reject 
criteria  aspects  of  RFC. 

5:30-9:30  p.m.  Social  Hour  and  Banquet 

Wednesday,  October  29,  1980 


8:30  a. m. -1:00  p.m.  This  final  half  day  of  the  workshop  will  be  dedicated 

to  summarizing  and  discussing  the  recommendations  of 
the  working  groups. 
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SUMMARY  OF  PANEL  DISCUSSIONS 
DARPA/AFML 

RETIREMENT  FOR  CAUSE  WORKSHOP 


Iowa  State  University  and 
Ames  Laboratory,  USDOE 


Panel  One 


Nondestructive  Evaluation  Topics 
Presentor:  J.S.  Cargill 

Panel  Members 

J.S.  Cargill  (Chairman) 

J.D.  Achenbach 
R.C.  Addison 
L.  Adler 
A.  Bahr 
D.  Birx 
A.  Greer 
T.  Kincaid 

J.S.  C aAg-itl:  Attempting  to  summarize  what  transpired  over  those  few 
hours  yesterday  is  rather  difficult,  but  I  think  that  the  input  of  several 
different  people  allowed  us  to  get  a  more  or  less  objective  opinion  on  what 
the  points  of  agreement  were.  First  we  ought  to  address  the  key  topics,  as 
shown  in  Figure  1. 


KEY  TOPICS 

Suggested  Points  for  Discussion: 

•  NDE  Reliability 

•  Quantitative  Aspects  (and  what  do 
you  store?) 

•  Standards 

•  Internal  Defects  (do  we  need  to  look 
for  them?  Where?) 

•  Benefits  of  Automation 

•  Genericism 

•  Buckley’s  questions: 

1.  How  do  we  get  the  sensitivity 
we  need? 

2.  Is  there  adequate  time  and 
funding  to  do  the  job? 

3.  How  can  we  improve  communica- 

_ tion  in  the  NDE  community? _ 


V.  Panhuise 
L.W.  Schmerr 
J.B.  Sharkey 

J .  Moyz i s 

K.  Shimman 
A.L.  Thompson 
V.V.  Varadan 


Figure  1 
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The  first  point  is  one  which  we  could  probably  have  argued  for  at  least  a  day 
and  a  half.  I  think  we  did  make  some  headway  on  reliability,  though.  The 
second  point  was  quantitative  aspects  of  NDE  and,  assuming  that  you  do  quanti¬ 
tative  NDE,  what  do  you  store?  Standards  were  addressed  from  the  standpoint  of 
calibration  standards  and  also  verification  of  instrumentation  and  the  retire¬ 
ment  for  cause  inspection  system.  Next,  do  we  need  to  address  internal  defects 
or  not,  and  where  are  they  if  we  do  need  to  address  them?  Benefits  of  automa¬ 
tion  is  something  that  has  become  fairly  obvious  as  a  necessity  for  retirement 
for  cause  inspection.  Whatever  evolves  will  probably  have  a  large  degree  of 
automation.  Genericism  is  certainly  worth  discussion,  if  for  no  other  reason 
than  it's  been  a  buzz  word  around  here  for  quite  a  while.  So  perhaps  definition 
of  genericism  requires  attention. 

The  question  raised  by  M.  Buckley  in  his  opening  remarks  regarding  how 
you  get  to  the  sensitivity  you  need  is  important;  do  you  just  increase  the 
system  gain  so  that  you  essentially  reject  everything  that  goes  through?  Ob¬ 
viously  we  can’t  do  that.  Mike’s  question  about  adequate  funding  and  time  to 
perform  the  job  needs  consideration.  Finally,  communications  problems  in  the 
NDE  community  must  be  considered.  I  wouldn't  say  that  is  just  the  NDE  commun¬ 
ity;  I  think  it  is  all  the  technology  going  into  retirement  for  cause  in  general. 

Before  I  came  out  here,  I  spent  quite  a  bit  of  time  trying  to  determine 
exactly  why  we  were  getting  together.  Yesterday  one  point  really  hit  home — 
as  we  look  back  on  communication  between  what  has  been  happening  in  quantitative 
NDE  and  the  retirement  for  cause  contractors,  there  has  been  inadequate  communi¬ 
cation  ever  since  we  have  really  become  involved  in  retirement  for  cause  in  a 
big  way.  If  nothing  else,  i  think  that  alone  justifies  this  meeting.  | 
think  we  made  some  headway  in  that  area,  too,  over  the  last  two  days.  These 
items  are  given  in  Figure  2.  As  we  began  to  address  that  subject,  one  of 

“  SUGGESTION  FOR  NDE  MEETINGS: 

•  More  exchange  from  applications  engineers 
to  research  scientists 

•  Workshops 

•  Technical  summaries 


Figure  2 


the  things  that  came  up  was  the  annual  NDE  meeting  and  we  made  several  sugges¬ 
tions,  which  1  think  are  all  valid.  One  of  the  suggestions  was  that  rather 


than  have  discussion  centering  only  on  research  and  the  researchers  telling 
o.ich  other  and  the  applications  people  what  they  have  been  doing,  there  should 
be  some  technology  transfer  or  technical  discussion  in  the  other  direction. 

The  researchers  would  like  to  know  what  we  are  doing  and  what  our  problems 
are.  Now,  I’m  not  sure  what  the  balance  ought  to  be  here.  Perhaps  we  should 
not  get  into  something  like  this  at  the  annual  NDE  meeting  itself,  but  I  think 

we  need  a  time  once  or  twice  a  year  when  the  researchers  can  find  out  what  our 

problems  are  and  what  is  on  our  minds. 

The  second  point,  and  I  think  this  became  apparent  to  everyone  yesterday, 
is  that  the  formal  presentations  take  you  just  so  far.  Workshops  can  get  a 
lot  more  done  in  conjunction  with  the  formal  presentations.  We  get  a  lot  of 
thought-provoking  discussion  in  workshops,  and  we  need  more  of  these. 

The  third  item,  and  I  thought  this  was  also  a  good  suggestion,  is  that 
when  the  researchers  get  done  with  their  presentations,  we  applications  people 
need  someone  to  translate  and  tell  us  what  it  all  means  so  that  we  can  be 
assured  that  there  is  a  way  to  take  that  technology  and  translate  it  into 

something  we  can  use:  what  we  need  versus  what  they  have  and  how  long  it  will 

take  to  make  that  transfer. 

We  also  addressed  the  idea  of  technology  development,  as  summarized  in 
Figure  3.  This  was  a  rough  one,  and  I  think  Frank  Taylor  had  an  interesting 

TECHNOLOGY  DEVELOPMENT 

The  vehicles  are  limited: 

*  6.2  Programs 

•  Industry  will  support  on 
"As  Needed"  Basis 


Figure  3 

point  yesterday.  He  felt  that  it  Is  partly  the  fault  of  the  government  that 
the  entrepreneurial  spirit  may  be  lacking  somewhat  nowadays  compared  to  what  it 
was  a  decade  ago.  As  far  as  taking  technology  from  the  research  scientist 
level  and  developing  and  implementing  that,  the  vehicles  are  quite  limited  now 
to  the  point  where  we  are  talking  about  6.2  type  programs.  Also,  and  industry 
will  get  into  this,  there  Is  the  profit  motive  Involved  almost  every  time,  so 
there  has  to  be  a  fairly  short  term  payoff.  In  a  lot  of  cases,  we  don't  think 
that  Is  healthy. 
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1  would  have  liked  to  have  had  more  solutions  to  the  problem,  but  this  is 
really  all  we  could  come  up  with  right  now;  I  think  that  is  possibly  a  sad 
state  of  affairs.  Several  points  of  general  agreement  were  reached  yester¬ 
day.  These  are  listed  in  Figure  4. 


GENERAL  PO 1  NTS  OF  AGREEMENT 
(There  Weren't  Many) 

*  Radiography  is  Out  for  RFC. 

•  Basic  Research  -*  Implementation  Takes 
at  Least  10  Years. 

•  Communication  Gap. 

•  Nobody  Has  Enough  Time  or  Money. 

*  Amplitude  Information  Alone  insufficient. 

*  FBH  Standards  Won't  Do  for  Validation. 


Figure  4 


We  got  the  radiography  out  of  the  way  in  a  hurry.  The  second  point  was — this 
required  a  little  bit  of  argument,  but  I  think  we  narrowed  it  down — that  you 
are  not  going  to  do  much  of  anything  from  the  good  research  idea  to  the  point 
of  implementation  in  less  than  a  decade.  It  is  readily  apparent  that  there 
is  a  communication  gap  within  the  NDE  community  and  the  retirement  for  cause 
technology  in  general. 

Everyone  complains  that  they  don't  have  enough  time  or  money  to  do  the 
job  adequately.  Retirement  for  cause  inspections  and  accept/reject  criteria 
are  going  to  have  to  be  based  on  a  lot  more  than  amplitude  information  alone 
or  they  won't  work.  This  is  something  that  we  have  seen  in  practice  already. 
We  are  going  to  have  to  become  a  lot  smarter.  Another  truism  is  that  flat 
bottom  hole  standards  obviously  are  not  going  to  suffice  for  validation. 

The  first  item  on  the  agenda  was  to  rank  these  features  (Figure  5)  of 


IMPORTANCE  OF  NDE  MEASUREMENTS 

As  Related  to  RFC 

1. 

Flaw  Detection  Reliability 

Degree  of  Degradation  in  Difficult 
Geometries 

2. 

Flaw  Sizing 

3. 

Procedures  for  Tracking  and  Recording 

1 nspections 

Figure  5 
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retirement  for  cause.  We  agree  that  all  of  these  items  are  essential,  so  it 
is  probably  ridiculous  to  try  to  rank  them.  But  we  felt  that  no  matter  what 
you've  got,  if  you  don't  know  what  it  is,  you  can’t  go  much  further.  So  re¬ 
liability  is  of  the  utmost  importance.  As  I  mentioned  before,  we  are  not  going 
anywhere  unless  we  have  quantitative  NDE,  if  for  no  other  reason  than  (as 
several  people  pointed  out  the  other  day)  the  Probability  of  Detection  curves 
are  not  vertical.  If  we  want  to  have  good  reliability  on  a  particular  size 
defect,  we  are  going  to  have  to  be  able  to  sort  out  that  size  defect  from  a 
lot  of  stuff  that  is  smaller  and  that  we  don't  want  to  reject  or  we  are  just 
automatically  going  to  ditch  everything.  Procedures  for  tracking  and  recording 
are  still  essential.  It  is  going  to  have  to  be  done  or  we  can’t  do  retirement 
for  cause.  If  we  had  to  rank  them,  that  would  come  out  number  3,  perhaps  be¬ 
cause  we  feel  more  comfortable  with  number  3  than  with  the  first  two. 

If  we  go  back  and  look  at  the  question  of  validation,  we  come  up  with 
three  suggestions  for  ways  to  validate  the  retirement  for  cause  inspection 
system,  as  given  in  Figure  6.  I f  we  are  going  to  assess  the  system  on  cracked 

SYSTEM  VALIDATION 

Suggestions: 

1.  Experimental  -  Prototype  to  PWA 
during  verification  testing 

2.  Analytical /Experimental  Predictive 
Model  -  Calculate  orientation 
effects,  etc. 

3 .  Cont i nuing  On-Line  Verification _ , 

Figure  6 

F-100  parts,  that  is  really  going  to  be  the  only  way  to  do  it.  We  are  going 
to  have  to  do  some  assessments  during  the  verification  testing  of  the  DARPA/ 
Pratt-Whitney  program.  The  second  point  is  an  analytical/experimental  approach. 
The  reason  the  analytics  have  to  be  there  is  because  there  is  no  way  we  can 
do  the  whole  job  on  an  experimental  basis.  We  are  going  to  have  to  fine  tune 
the  analytical  models  with  experimental  data  to  increase  our  confidence.  We 
will,  of  course,  continue  with  on-line  verification,  as  it  is  an  after-the- 
fact  type  thing.  After  it  is  in  use,  we  will  obtain  continual  feedback  to 
determine  how  well  we  are  doing.  These  are  the  three  key  features  on  system 
val idation. 
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It  became  apparent  yesterday  that  there  was  a  lot  of  conjecture  going 
on  regarding  quantitative  NDE;  we  ought  to  have  this,  we  ought  to  have  that. 
But  it  was  apparent  that  we  still  haven’t  hung  our  hats  on  anything.  We 
still  need  to  determine  which  quantitative  methods  ought  to  be  used,  and  we 
are  going  to  have  to  make  up  our  minds  pretty  soon  because  we  don't  have 
that  much  time  to  complete  development.  Many  options  have  shown  laboratory 
feasibility;  specific  problems  need  to  be  identified  and  prioritized  in  a 
way  that  represents  a  consensus  opinion.  These  options  need  to  be  evaluated 
against  the  prioritized  list.  Some  items  are  listed  in  Figure  7.  The 


CONCERN  OVER  QNDE 

Method  Still  Must  be  Selected  Utilizing 
New  Technology  Showing  Feasibility. 

Examples  Include:  B-Scan,  C-Scan,  Born 
Inversion  Technique,  Long  Wavelength, 
Pattern  Recognition,  Frequency  Analyses, 
Elastic  Wave  Reliability  Modeling,  Signal 
Processing  Advances,  etc. 

Note:  "RFC I  System  Design"  to  address 
this. 


Figure  7 


retirement  for  cause  inspection  system  design  program  addresses  these  to  a 
large  degree;  some  of  these  decisions  should  lie  with  the  NDE  people.  The 
rest  of  us  can't  ignore  them.  This  is  something  that  is  very  important  and  we 
need  a  near-term  decision  on  It. 

Tracking  and  data  recording  methods  (Figure  8)  are  dependent  upon  items 

TRACKING  AND  RECORDING  METHODS 

Dependent  upon: 

•  Quantitative  Methods  Selected 

*  Future  Goals _ _ 

Figure  8 


given  in  Figure  7.  You  can't  really  adequately  define  what  you  are  doing  In 
the  tracking  and  recording  until  you  determine  which  method  you  are  using. 


6 


Questions  of  standards  also  entered  our  discussions,  and  centered  on 
topics  given  in  Figure  9.  We  decided  that  standards  ought  to  be  grouped  in 
three  ways,  the  first  being  equipment  set-up  standards.  This  is  just  to  show 
fhot  the  equipment  is  functioning  the  same  from  day-to-day  or  the  equipment 
in  Florida  is  operating  the  same  as  the  equipment  in  San  Antonio,  the  same  as 


STANDARDS 

Three  Types: 

1.  Repeatabi I ity /Equipment  Set-Up  Standards 
FBH  type  ok. 

2.  Verification  Standards  -  need  real  defects. 

3.  Preliminary  Standards  -  combined  artificial 
and  real. 


Figure  9 


Dayton  or  wherever  else  we  may  have  similar  systems.  In  that  case  flat  bottom 
hole  standards,  any  reproducible  standard,  may  be  the  best  way  to  go.  Initial 
check-out  of  the  system  is  an  intermediate  step  between  1  and  2,  on  the  other 
hand.  We  need  some  kind  of  preliminary  standard  to  check  out  the  system,  and 
in  that  case  we  don't  need  real  defects.  We  ought  to  have  some  real  defects  in 
there,  but  in  order  to  fine-tune  the  equipment,  to  work  with  the  bread  board, 
Elox  slots,  etc.,  simulated  defects  would  be  adequate.  Cost  and  time  are  impor 
tant  considerations  here.  We'd  certainly  like  to  have  real  fatigue  cracks, 
but  realistically  we  can't.  For  verification,  though,  I  think  everyone  agrees 
that  we  need  real  defects.  The  only  way  we're  going  to  convince  anyone  the 
system  works  is  to  demonstrate  it  on  the  real  thing;  otherwise  it  will  never  be 
implemented. 

The  question  came  up  as  to  whether  we  should  have  1 00%  coverage  of  each 
component:  i.e.,  100^  volumetric  Inspection  (Figure  10).  That  is  probably 


IQOjS  COVERAGE  OF  COMPONENT? 

Use  Priority  Analyses  to  Weight 
Stress  Areas — Probability  of 
Fa i I ure  and  NDE  Required _ 


Figure  10 


unrealistic,  and  I  think  we  can  do  a  better  job  than  that  using  the  design  sys¬ 
tem.  We  can  come  up  with  a  priority  analysis  to  determine  which  areas  ought 
to  receive  100$  inspection  within  those  areas  and  which  areas  we  can  let  go  for 
now,  and  in  which  areas  the  probability  of  developing  a  defect  that  could  give 
us  trouble  is  low  enough  that  we  don’t  have  to  worry  about  it.  In  some  cases 
that  could  be  significant  because  we  could  spend  a  lot  of  money  developing  a 
technique  for  inspecting  an  area  that  has  a  one  in  a  million  chance  of  develop¬ 
ing  a  fatigue  crack. 

Regarding  system  design  (Figure  11),  we  have  a  number  of  options  in 

”  SYSTEM  DESIGN 

^__^-0ne  type  of  Component 
Module  to^^"  or 

Perform  on  ^-*0ne  type  of  NDE 

•  RFC  I  Design  Program 
Determine  Groundwork 

*  Man-Tech  Program 

Conduct  Cost  Trade-Off  Study 

Figure  11 

developing  the  modules.  One  option  is  to  have  each  module  perform  a  certain 
type  of  NDE;  another  would  be  to  have  the  module  inspect  a  certain  type  of 
component.  We  think  a  lot  of  that  depends  on  the  cost  trade-offs.  I'm  sure 
anyone  involved  in  the  Man-Tech  program  would  agree  with  that.  We  also  think 
that  it  ought  to  be  considered  within  the  realm  of  the  inspection  system  design 
program  to  lay  the  groundwork  for  that  cost  study.  That  is  not  a  lengthy  task, 
and  would  establish  a  set  of  guidelines  that  the  Man-Tech  program  could  follow 
in  the  cost  trade-off  study. 

If  we  consider  automation — which  again  is  going  to  be  a  key  feature  in 
retirement  for  cause  Inspection — we  consider  anticipated  improvements,  as  shown 
In  Figure  12.  There  are  a  number  of  things  that  obviously  require  Improvement — 

AUTOMATION 

Anticipated  improvements  in 

*  Subjectivity — l.e.,  human 
error 

*  Thru-put  capabilities 

*  Repeatlbl I Ity/Rel lab! I Ity 

*  Precise  Manipulation — (E.C.) 

*  Scan  Paths-- (UT) 


Figure  12 
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elimination  of  human  error,  for  one.  Everyone  talks  about  that  but  other 
areas,  such  as  through-put  capabilities,  repeatability  of  the  inspection,  con¬ 
sistency  of  scan  paths,  preciseness  of  the  manipulations  (not  necessarily  from 
only  an  eddy  current  standpoint)  also  need  improvement.  The  qualifier  hero  is 
that  we  will  see  a  large  improvement  in  inspection  reliability  and  repeatability, 
given  that  what  we  are  looking  at  are  all  cracks.  Automation  alone  isn't 
going  to  allow  us  to  do  the  whole  Job.  By  that  I  mean  that  if  we  have  scratches, 
dings,  dirt  on  the  parts,  anything  else  that  can  give  us  a  false  indication, 
we  can't  expect  just  automating  the  system  to  give  us  a  huge  increase  in  reli¬ 
ability  and  allow  us  to  sort  all  the  good  from  the  bad. 

As  far  as  what  ought  to  be  automated — and  we  have  had  a  lot  of  discussion 
on  this  even  since  the  committee  met  yesterday — it  is  obvious  that  ultrasonic 
tests  and  eddy  current  could  be  automated  fully  within  the  realm  of  feasibility. 
When  we  consider  fluorescent  penetrant  inspection  and  the  cost  involved  in  fully 
automating  that  for  discs,  it  does  not  appear  likely  that  the  automation  will  be 
completed  in  time,  so  we  feel  the  inspector's  subjectivity  is  going  to  have  to 
remain  in  the  fluorescent  penetrant  system  or  module.  We  still  feel  that  the 
fluorescent  penetrant  inspection  ought  to  take  place,  if  for  no  other  reason 
than  that  the  defect  that  gets  you  in  the  long  run  is  the  one  that  you  didn't 
plan  for.  We  need  a  full-coverage  inspection  for  the  full  field  involved  in  re¬ 
tirement  for  cause. 

Last  but  not  least,  this  type  of  meeting  is  something  that  doesn't  happen 
often  enough.  I  think  we  made  some  headway  yesterday.  We  feel  that  it  would 
be  quite  worthwhile  to  have  meetings  of  this  kind,  at  least  on  an  annual  basis, 
perhaps  as  a  subset  of  the  summer  meetings.  Sitting  back  and  listening  to  some¬ 
one  give  a  formal  presentation  does  not  solve  our  problems.  We  need  more  oppor¬ 
tunities  for  dialogue  before  we  can  communicate  effectively. 

CONSENSUS 

WE  SHOULD  DO  THIS  MORE  OFTEN. 

Figure  13 

That  concludes  the  summary.  Go  ahead  and  address  any  questions  now. 
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Panel  One 
DISCUSSION 

J.  HaJOuA,  Ptatt-Wkctney  kin.cAO.lt:  I  detected  a  little  conflict  in  some 
of  the  answers  that  the  group  arrived  at,  specifically,  100$  inspection.  Can 
you  clarify? 

J.S.  Cong  til:  We  were  talking  about  100$  volumetric  inspection,  the  total 
ultrasonic  inspection  for  internal  defects,  say,  in  rim  locations  on  the  discs 
where  it  would  be  almost  impossible  to  develop  100$  volumetric  inspection.  And 
the  design  tells  us,  as  you  well  know,  that  we  don't  have  to  worry  about  the 
internal  defect  out  in  the  rim  location  as  muc'i  as  we  do  in  the  web  and  bore, 
which  are  simpler. 

J.  Hannti  ’•  Your  definition  then  was  100$  volume  as  opposed  to  100$  surface 
condition? 

J.S.  Cangtti:  Yes. 

J.  Hanntd:  Did  you  also  consider  in  your  discussion  that  we  can  do  the 
most  amazing  inspections  and  the  part  still  isn't  any  good  because  there  is  a 
lug  missing  on  the  disc  and  it  will  not  go  back  in  the  engine,  or  the  spline 
was  gone? 

J.S.  Cangttl:  I  think  that  follows  in  the  dimensional  check. 

C.  R an,  PcUIuAt  knalyttl,  A44ociate4:  Steve,  if  you  are  going  to  your  vali¬ 
dation  procedures  and  you  concluded  that  experimental  validation  on  the  actual 
prototype  cracked  parts  was  the  only  real  way  to  go — I  concur  with  that,  by  the 
way — did  you  discuss  how  much  we  can  deviate  from  the  expected  cracking  rate  in 
our  evaluation  procedures  and  still  hope  to  have  a  realistic  evaluation?  In 
other  words,  do  we  expect  to  have  one  in  ten  thousand  cracked?  Can  we  go  with 
a  test  line  which  has  one  in  ten  cracked  and  have  any  hope  of  really  evaluating 
the  true  reliability  of  the  inspection? 

J.S.  CangtHl:  There  was  some  discussion  on  that,  and  I  think  it  was 
generally  conceded  that  we  can't  build  the  whole  show  just  on  that  verification 
testing  on  a  few  components,  but  it  is  certainly  an  essential  part  of  the  reli¬ 
ability  estimates.  We  don't  think  that  we  will  have  enough  cracks  and  enough 
parts  from  the  spin  test  at  Pratt-Whitney  to  do  the  whole  job  on  reliability 
determinations,  but  it  is  a  key  step. 

C.  Rau:  That  is  not  quite  what  I  am  asking.  I  realize  you  won't  have 
many  cracks.  My  comment  is  that  we  need  a  lot  of  uncracked  ones  being  run 
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through  the  same  inspection  procedure,  if  we  expect  only  one  in  ten  thousand 
to  actually  be  cracked,  can  we  hope  to  get  any  reasonable  evaluation  if,  in 
our  procedure,  we  test  ten  parts  in  which  three  are  cracked? 

J.S.  Caxgttt:  This  is  something  we  are  always  up  against  In  the  reli¬ 
ability  programs,  Charlie.  If  nothing  else,  it  is  always  a  cost  problem. 

You  can  never  come  up  with  a  sufficient  ratio  of  uncracked  to  cracked  parts 
to  go  out  in  the  field  and  subjectively  say  yes,  this  reliability  transfers 
to  that.  However,  since  we  are  talking  automation,  it  shouldn’t  make  much 
difference  if  we  are  talking  about  the  eddy  currents  and  the  ultrasonics. 

F.  T ay  ton.,  Si/A-te/na  Reaeo/LcA  LaboAatoAieA  :  One  of  the  key  problems  here 
is  that  you  won’t  be  able  to  prove  what  the  equipment  is  really  doing.  You 
can't  tell  what  it  is  doing  until  you  try  it  out  in  the  real  world  where  it 
will  be  used.  People  are  going  to  use  the  equipment;  maintenance  is  involved. 

How  well  they  adhere  to  procedure,  plus  the  fact  that  you  will  have  real  parts 
coming  through  the  system  that  will  require  going  around  a  real  engine,  are 
vital  considerations.  This  is  really  the  crux.  You  cannot  evaluate  the  system. 

You  can’t  tell  what  you  are  going  to  do  for  sure  until  you  are  doing  it.  It 
has  to  be  verified  in  place.  We  won't  know  until  we  have  a  chance  to  evaluate, 
and  that  is  going  to  be  an  ongoing  procedure  which  will  begin  in  1985.  Up  to 
then,  all  we  are  doing  is  taking  the  best  guess  we  can  with  the  data  we  have. 

They  are  really  not  going  to  be  simulating  the  environment  in  which  it  will  work. 

J.S.  Cangttt:  Inspection  reliability  is  always  an  estimate.  It  is  just  a 
matter  of  starting  with  a  rough  estimate  and  trying  to  polish  it  as  you  go  along. 

R.  Rowand,  Kin.  Fo4.ce  McotzAMitt)  Labotuvtony:  I  think  it  is  worth  pointing 
out  that  here  in  this  room  is  a  collection  of  engineers  and  scientists,  and  we 

all  like  automation.  It  is  a  very  nice  word.  It  is  going  to  do  a  lot  of  great 

things  for  us.  But  I  think  we  must  be  very  careful  to  remember,  as  we  progress 
in  any  kind  of  program  like  this,  that  we  are  dealing  with  a  factory  environ¬ 
ment,  and  that  we  have  to  worry  about  human  engineering,  human  factors  and  de¬ 
signing  equipment,  etc.  I  think  we  should  probably  go  on  record  as  saying  that 
any  future  workshops  we  have  in  this  area  probably  should  begin  to  get  some 
human  factors  type  of  people  Involved  and  look  at  what  we  are  doing  and  how  it 
fits.  It  is  a  subtle  difference,  but  It  is  very  important.  We  get  there  with¬ 
out  involving  such  people,  but  sometimes  we  put  the  wrong  colored  knobs  on  or 
the  data  input  approach  is  not  as  easy  to  work  with  as  it  should  be. 

The  second  point  I  wanted  to  mention  was  that  the  manufacturing  technology 

program,  of  course,  is  going  with  the  available  state  of  the  art,  as  you  summarized. 
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As  you  know,  I  am  not  very  pro-rad iography,  but  it  may  turn  out  that  with 
some  components  we  will  have  to  proceed  with  very  carefully  selected  micro¬ 
photo  techniques  or  CAT  scans  to  get  the  kind  of  resolution  that  we  would  want 
and  probably  in  a  non-automated  kind  of  operation. 

The  other  item  worth  pointing  out  is  that  we  have  been  primarily  talking 
about  the  Air  Force.  We  have  many  other  subjects  that  also  use  gas  turbine 
engines,  and  eventually  they  will  probably  become  involved  and  maybe  we  can 
even  steal  some  of  their  money.  We  are  trying  to  build  a  program  which  is 
modular  in  nature,  saying  that  if  we  pick  all  of  the  right  approaches,  including 
the  systems  approach,  to  mechanical  hardware,  as  we  get  new  technology  which 
offers  better  resolution  or  definition  of  flaws  we  will  be  able  to  just  add 
additional  modules. 

J.S.  CcuiqaULi  Those  were  all  very  valid  points.  I'd  like  to  say  that 
as  far  as  the  human  engineering  factor  is  concerned,  it  is  being  considered  by 
the  addition  of  Giffels  Associates  in  the  system  design  program.  They  have 
done  quite  a  bit  of  human  engineering  work. 

W.  Hermann,  Kin.  Vonce.  MaX.&nJjaJLt>  Labonatony :  I  wanted  to  move  for  a  moment 
from  the  sublime  to  the  ridiculous,  if  you  like,  and  ask  you  whether  you  con¬ 
sidered  some  other  points  which  came  up  in  our  discussion  in  the  accept/reject 
area  in  connection  with  the  inspection.  What  it  comes  down  to  is  some  of  the 
concerns  of  the  human  factor  sneaking  back  in  again,  even  in  an  automated  sys¬ 
tem.  Let  me  give  you  an  example.  You  can  develop  fully  automated  machinery 
which  does  all  of  the  number  processing,  makes  all  of  the  decisions,  and  finally 
turns  on  a  green  or  a  red  light.  If  it  is  a  green  light  it  goes  into  the  good 
pile,  if  it's  a  red  light  it  goes  into  the  bad  pile,  except  when  the  operator 
makes  a  mistake  and  puts  one  from  the  red  pile  Into  the  green  pile.  Did  you 
consider  this  aspect  of  the  problem? 

Secondly,  in  connection  with  the  question  of  continual  verification  and 
standardization  and  so  on.  Jack  Harris  brought  up  a  good  point  in  our  conversa¬ 
tion  yesterday.  He  said  that  one  of  the  things  we  could  do,  for  example,  is 
to  take  some  real  hardware  and  induce  some  force,  then  we  could  use  these  as 
test  components  so  that  every  now  and  then  we  whiz  them  through  the  machine  and 
see  if  they  are  still  giving  the  answer.  What  if  it  gives  the  wrong  answer  and 
accepts  that  component?  All  of  a  sudden  you've  got  a  good  one  that  you  know  is 
flawed  in  a  stack  of  good  ones.  Did  you  address  that  sort  of  question? 

J.S.  CangiJLt:  We  have  given  that  some  thought,  and  one  of  the  ideas  we 
came  up  with  was  to  introduce  a  small  amount  of  radioactive  material  In  a  small 


number  of  them  so  you  could  use  a  Geiger  counter  to  call  that  disc  out  later 
on.  However,  it  is  not  going  to  be  100$  reliable.  Nothing  is.  There  is  a 
possibility  that  a  component  could  sneak  through.  It  is  a  matter,  again,  of 
whether  it  is  worth  it  to  you  to  know  that  a  system  is  in  complete  readiness 
all  the  time  to  run  those  components  through. 

W.  Rexmann:  Maybe  one  approach  to  that  is  when  you  send  comp^-ants  through, 
you  deliberately  knock  out  the  tines  or  something  so  that  you  couldn't  possibly 
run  it  through. 

J.S.  CclAqMJL :  Depending  on  how  much  prior  human  input  is  in  the  system, 
of  course. 

F.  Tayto/i -  I'd  like  to  respond  to  the  first  of  Wally's  questions.  The 
human  engineering  portion  of  designing  a  product  for  a  system  is  really  the  re¬ 
sponsibility  of  the  designer.  The  engineer  should  take  into  consideration  the 
human  engineering  factor,  the  human  interface  with  the  machine.  A  product  or  a 
system,  when  it  gets  out  to  the  final  customer,  is  not  a  success  unless  that 
user,  that  customer,  is  satisfied  with  the  machine.  He  makes  it  work.  The  inter¬ 
face  has  to  be  such  that  they  are  glad  they  got  it  and  the  operators  prefer  to 
use  it.  Otherwise  the  design  engineer  has  failed  in  his  job.  I  know  that  tra¬ 
ditionally  this  has  been  a  very  difficult  point  because  we  have  a  lot  of  research 
scientists  and  engineers  who  want  something  neat  in  their  laboratory  so  when 
they  design  something  they  design  it  for  these  high  caliber  people  to  operate. 

But  you  can't  do  that;  you  must  design  equipment  for  the  operator. 

C.  Raw-  I  was  still  trying  to  follow  up  on  my  original  question.  Maybe  it 
belongs  in  the  accept/reject  discussion.  I  agree  with  everything  Frank  said  with 
regard  to  what  you  really  can  and  cannot  do.  What  I'm  a  little  concerned  about 
is  that  we  will  get  to  1985  and  1986  and  1987,  and  even  though  we  once  get  on¬ 
line,  if  we  don't  get  a  whole  lot  of  cracked  parts  we  still  don't  have  a  vehicle 
with  which  to  start  developing  the  inspection  reliability  with  the  kind  of  quan¬ 
titative  basis  we  really  need  to  doing  anything  close  to  an  optimum  RFC  accept/ 
reject  procedure.  So  I  think  we  have  to  address  the  very  difficult  problem  of 
doing  a  better  job  of  estimating  what  that  reliability  is  going  to  be  before 
we  get  to  the  bottom  line,  or  some  time  during  the  early  stages  of  implementation, 
because  even  if  we  get  some  signals  we  are  not  going  to  be  cutting  up  all  the 
good  ones  to  see  how  many  we  may  have  missed. 

R.8.  Thompson,  A me*  LabosutioJu/:  This  is  one  of  the  things  that  we  dis¬ 
cussed  in  the  panel  yesterday,  and  it  appears  that  we  have  now  developed  a  basis 
of  theoretical  solutions  to  describe  this.  The  question  is,  can  we  cast  these 
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in  a  sufficiently  accurate  engineering  context?  We  can  even  use  these  to 
model  the  performance  of  the  system  as  it  is  being  built.  There  is  always 
the  question,  do  your  models  sufficiently  accurately  predict  a  real  crack 
rather  than  some  mathematical  idealization?  I  think  we  have  at  least  the 
foundation  for  doing  those  kinds  of  studies  in  the  next  few  years  rather  than 
waiting  until  the  system  is  totally  built. 

8.  Tittmann,  Rockwell.  International  Science  Center.:  I  was  very  inter¬ 
ested  in  your  discussion  of  the  standards.  You  mentioned  calibration  stan¬ 
dards  for  the  equipment  as  well  as  verification  standards.  Are  there  not,  at 
this  time,  such  verification  standards  available,  or  is  there  a  formalized  plan 
to  develop  these,  and  would  they  be  available  to  the  research  scientists? 

J.S.  CargOl:  Do  you  mean  as  far  as  actual  defects  are  concerned? 

B.  Tittmann:  Yes,  real  defects. 

J.S.  Cargill:  This  really  gets  back  into  what  we  have  just  been  discussing 
for  validation.  The  verification  standards  and  validation  go  hand  in  hand. 

There  is  a  very  limited  number  of  cracked  engine  parts  around  at  any  time  just 
because  they  are  so  valuable.  We  need  them,  and  they  shouldn't  be  specimens, 
either.  They  should  be  real  parts.  I  agree;  that  is  the  hard  part.  I  think 
they  ought  to  be  available  to  the  researchers  and  we  need  more  real  parts  avail¬ 
able  for  reliability  estimates. 

8.  Tiltmann:  What  would  be  a  possible  source  for  such  parts?  Would  it 
be  the  Air  Force,  or  Pratt-Wh i tney? 

J.S.  Cargill:  The  Air  Force  and,  to  a  certain  extent,  the  engine  manu¬ 
facturers.  That  about  covers  it,  really.  Charlie,  would  you  have  a  suggestion 
on  how  to  build  up  the  repertoire  of  specimens? 

C.  Rau:  Only  the  obvious.  I  think  we  do  have  to  use  real  cracks  and 

real  parts,  and  we  can  generate  the  parts  in  spin  pits  and  Ferris  wheels.  We 

can  generate  cracks  in  the  regions  where  we  would  like  to  have  them,  or  where 
we  think  we  are  going  to  get  them.  We  could  attempt  to  run  them  through  the 
system  or  modules  or  some  sets  of  the  system  before  we  actually  get  the  full 
system  operational.  Granted,  there  will  be  differences.  Dimensional  tolerances 
have  changed  and  there  will  be  dirt  and  oxides.  It  will  be  a  lot  closer,  though, 

than  trying  to  use  our  analytical  models  in  time  to  really  affect  the  inspection 

reliability  the  way  I  perceive  we  are  going  to  need  it. 

R.8.  Thompson:  Perhaps  I  made  an  incomplete  statement.  I  agree  that  the 
models  are  certainly  not  ready  to  do  that  whole  job.  If  we  are  clever  we 
might  be  able  to  use  them  to  piece  between  the  limited  experiments  that  we 
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can  do  because  we  can  never  do  enough  experiments  to  cover  all  possible  situa¬ 
tions.  So  there  has  to  be  a  very  close  approximation  between  models  which  will 
be  approximate  and  experiments  which  will  be  limited. 

J.S.  CoaqaJJL:  It  all  boils  down  to  cost  and  time  again,  really.  It 
costs  a  hundred  thousand  dollars  to  run  any  kind  of  spin  test. 

J.  H(Wlu> •  In  regard  to  your  question,  Bernie,  I  don’t  think  there  is 
anyone  in  this  room  who  would  not  say  that  actual  inspection  of  cracked  compo¬ 
nents  is  the  thing  to  do,  and  it  would  be  great  if  we  could  get  everyone  his 
own  parts.  One  of  the  constraints  we  are  going  to  have  is  that  you  are  all  not 
going  to  have  cracked  parts  to  work  with.  They  just  won’t  be  there.  If  we  get 
a  cracked  part  we  are  going  to  exercise  the  devil  out  of  it.  On  top  of  that, 
Steve  just  mentioned  that  it  costs  something  in  excess  of  a  hundred  thousand 
dollars  to  run  a  complete  laboratory-type  spin  test.  Probably  the  part  itself 
is  going  to  cost  twenty  thousand  dollars,  so  you  are  up  to  a  hundred  and  twenty 
thousand  dollars  a  part.  There  just  isn’t  enough  time  and  money  in  the  world 
to  be  able  to  supply  cracked  parts  to  everyone.  I  would  not  like  to  raise  any 
false  optimism;  they  just  won't  be  there. 

J.S.  Ca/igiLt:  It  may  not  be  all  that  bleak,  because  we  are  not  the  only 
engine  manufacturer ;  some  of  the  others  may  want  to  participate. 

J.  HaAAsLi:  We  are  not  the  only  ones.  I'll  agree.  But  if  we  get  a 
cracked  component,  we  keep  it  in  the  house. 

W.  Ret/nawi:  I  think  what  Jack  said  about  the  F-100  is  very  true.  The 
number  of  cracked  parts  we  are  likely  to  have  in  the  time  period  is  going  to 
be  pretty  small,  and  as  Jack  said,  there  are  parts  that  are  going  to  be  in 
high  demand.  The  F-100  program  office  is  interested  in  those  parts  for  running 
engine  tests.  We,  of  course,  in  our  program  are  interested  in  running  engine 
tests  on  those  components.  So  the  idea  of  deliberately  flawing  a  component  is 
an  anathema  right  now  because  we  have  something  like  an  eight-month  delay  time. 
However,  I  tend  to  feel  that  a  disc  is  a  disc  is  a  disc,  and  I  believe  that 
the  Air  Force,  for  example,  has  the  world's  largest  supply  of  cracked  TF-33 
turbine  discs.  A  crack  is  a  crack  and  a  disc  Is  a  disc.  I  think  there  are 
options. 

F.  Taylox:  Just  to  put  the  proper  perspective  on  things,  in  order  to 
fully  verify  the  systems  empirically,  experimentally,  and  with  enough  statisti¬ 
cal  data  that  you  can  make  a  prediction,  you  would  need  fatigue  cracks  of 
various  sizes,  of  various  shapes,  orientation,  in  every  location  in  all  21 
discs  that  we  are  talking  about.  First,  you  couldn’t  even  draw  them  and  write 
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sizes  to  get  the  points  on  a  curve  that  you  would  need  to  confirm.  We  are 
talking  about  a  program  that  would  probably  cost  a  million  dollars  or  more 
to  verify  the  system.  The  only  way  we  are  going  to  get  this  is  by  using 
models.  That's  all  we  can  do.  All  we  are  going  to  have  is  a  good  guess. 

It  may  not  even  have  statistical  significance.  We  are  going  to  have  at  least 
an  inkling  that  it  looks  like  it  is  going  to  work.  The  whole  program  is  about 
to  establish  the  capabilities. 


I 
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0.  Buck:  We  realized  pretty  early  in  the  game  that  the  types  of  ques¬ 
tions  that  had  been  outlined  for  the  panel  are  techniques  that  are  probably 
not  going  to  be  implemented  before  1985 — perhaps  later,  perhaps  never.  I 
must  say  I  learned  a  lot  of  things  that  I  had  not  known  before.  Let  me  just 
try  to  go  through  the  types  of  subject  areas  we  tried  to  discuss. 

As  shown  in  Figure  1,  subject  number  one  dealt  with  measurement  oppor- 


SUBJECT  AREAS  DISCUSSED 

1.  Measurement  Opportunities  and  Evaluation  for  RFC 

2.  Residual  Stresses 
Microstructure 
Fracture  Toughness 
Flaw  sizing  <  100pm 

3.  Transducer  Improvement 

Signal  Processing  _ 


Figure  1 


tun i ties  and  evaluation  for  RFC.  As  you  will  see  later,  certain  feasibility 
studies  have  been  performed  in  the  laboratory;  these  studies  are  now  ready 
for  implementation  on  an  engine  disc.  We  felt  it  worthwhile  to  take  a  look 
at  these  "far-out"  techniques  and  see  whether  they  may  be  ready  by  the  1990’s. 
Furthermore,  we  wanted  to  determine  what  we  would  have  to  do  to  accelerate 
the  implementation  if  the  NDE  community  agrees  that  they  show  promise  in  the 
field.  As  a  number  two  item  we  discussed  residual  stresses,  which  is  a  very 
interesting  and  Important  subject  that  is  not  considered  in  present  day  RFC 
considerations.  We  did  not  talk  too  much  about  microstructura I  aspects  of  RFC 
Similarly,  we  did  not  talk  much  about  fracture  toughness  and  whether  It  is 


19 


necessary  to  monitor  this  quantity.  The  Item  "flaw  sizing"  has  to  do  with 
The  number  one  item,  in  number  three  we  talked  about  what  should  be  done 
in  rhe  area  of  transducer  improvement  and  signal  processing. 

Very  early  in  our  discussion,  Joe  Moyzis  pointed  out  that  there  are 
probably  three  types  of  flaws,  and  that  we  should  categorize  flaws  in  an 
engine  disc  according  to  this  scheme.  They  are  surface  flaws,  near  surface 
flaws  and  bulk  flaws.  What  do  we  actually  mean  by  near-surface  flaws?  We 
came  up  with  a  definition  that  says  that  a  near-surface  flaw  is  one  that  has 
a  diameter  d  and  a  distance  a  away  from  the  surface.  If  a/d  is  about  1,  we 
will  call  this  flaw  a  near-surface  flaw.  At  the  present  time  these  near-surface 
flaws  could  be  missed  during  quality  inspection,  before  the  engine  is  delivered. 
As  the  engine  goes  into  service  the  near-surface  flaws  will  break  through  the 
surface  and  form  a  regular  surface  flaw.  Although  there  is  a  good  chance  that 
near-surface  flaws  become  surface  flaws  in  service,  in  our  discussions  it  be¬ 
came  apparent  that  no  one  really  had  a  good  answer  as  to  their  quantitative 
sizing  by  NDE  techniques.  We  estimated  that  typical  dimensions  for  these  flaws 
are  a  lOOym  and  d  'v  20-50ym.  It  Is  interesting  to  note  that  residual  stresses, 
due  to  machining,  decay  out  at  about  50ym  depth.  Furthermore,  the  stress  con¬ 
centration  factor  due  to  such  a  flaw  drops  off  rapidly  with  distance  away  from 
the  flaw  and  is  basically  zero  at  a  distance  of  50ym.  Therefore  the  above 
definition  for  a  near-surface  flaw  makes  this  flaw  quite  special  in  that  the 
free  surface  shows  a  strong  interaction  with  the  flaw. 

On  Monday,  a  number  of  critical  locations  on  a  disc  were  discussed. 

These  are  schematically  shown  in  Figure  2.  Also,  a  statement  was  made  that 


surface  cracks  of  about  100um  (<\!5  mils)  should  be  detected  reliably.  Near- 
surface  flaws  at  these  locations  probably  become  true  surface  flaws  in  ser¬ 
vice.  It  would  be  interesting  to  determine  how  long  ft  takes  to  initiate 
the  near-surface  flaws.  Would  initiation  take  place  during  the  design  life 
of  the  disc?  I  don't  think  we  can  answer  this  question  at  the  present  time 
since  residual  stress  effects  may  affect  the  initiation  of  near-surface  cracks 
strongly.  Another  good  question  was  raised:  Should  we  forget  about  monitor¬ 
ing  of  surface  flaws  in  areas  other  than  these  "critical"  areas?  We  came  to 
the  conclusion  that  the  answer  Is  no.  A  large  area  scanning  for  unexpected 
events  is  important.  A  flaw  of  40  mils  in  length  in  a  "noncritical "  area  is 
as  bad  as  a  5  mil  flaw  in  the  "critical"  area. 

We  devoted  a  fair  amount  of  time  to  what  kind  of  new  inspection  techniques 
are  on  the  horizon,  e.g.,  those  that  are  farther  out  than  quantitative  ultra¬ 
sonics.  Jim  Doherty  and  Joe  Moyzis  pointed  out  that  most  of  the  techniques 
that  have  shown  laboratory  feasibility  will  not  make  it  by  1985.  I  think  it 
was  the  consensus  of  the  panel,  however,  that  we  should  list  them  anyway.  The 
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r-  ‘.iii  *  is  shown  in  Tigure  3.  We  rate  the  techniques  with  respect  to  their 
til  it/  to  detect  surface  flaws  and  near-surface  flaws,  and  whether  the  tech- 
’  I  jtHwr  t  ,  be  feasible.  Our  definition  of  feasibility  is  a  demonstration 
*  •*.  •••  s  in  a  laboratory  environment.  The  last  column  in  Figure  3  refers 

to  .potential  field  applications  of  these  techniques  at  some  time  after  1985. 

The  photoacoustic  effort  is  now  under  investigation.  We  came  to  the  con¬ 
clusion  that  It  may  prove  useful  to  detect  surface  and  near-surface  flaws  as 
wall  as  large  area  scans.  The  SLAM  (scanning  laser  acoustic  microscope)  cer¬ 
tainly  has  shown  great  potential  for  detection  of  surface  and  near-surface 
flaws  in  scans. 

The  next  item  we  discussed  was  "Surface  Acoustic  Wave"  (SAW)  NDE.  We 
discussed  several  promising  techniques:  harmonic  generation,  mode  conversion, 
and  imaging.  Surface  flaw  detection  capabilities  have  been  demonstrated.  SAW 
NOE  Is  certainly  very  promising  for  large-area  scanning.  As  everyone  probably 
knows,  surface  acoustic  waves  are  useful  to  test  curved  surfaces.  In  our  dis¬ 
cussion  of  low  frequency  eddy  current  probes  we  came  to  the  conclusion  that  it 
may  be  possible  to  develop  arrays  for  fast  and  automatic  scanning.  Single,  low 
frequency  probes  are  In  use  in  the  field  already,  which  gives  us  reason  to  be¬ 
lieve  that  arrays  should  be  useful. 

High  frequency  eddy  current  probes  was  the  next  item  discussed.  Near- 
surf  ace  flaws  probably  may  not  be  detected.  Surface  flaws,  on  the  other  hand, 
have  been  observed.  Some  of  the  probes  are  small,  so  that  it  seems  feasible 
to  Inspect  areas  that  are  hard  to  inspect  with  other  methods,  such  as  corners 
and  holes  with  a  small  diameter. 

Continuing  with  electromagnetic  probes,  we  briefly  discussed  capacitance 
probes.  It  Is  very  unlikely  that  this  technique  has  a  potential  to  detect 
near-surface  flaws.  Positron  annihilation  is  one  of  the  more  exotic  techniques 
and  is  frequently  mentioned  as  a  possible  candidate  for  detection  of  fatigue 
damage.  My  opinion  is  that  surface  and  near-surface  flaws  cannot  be  detected 
using  positron  annihilation.  However,  plastic  zones  at  the  crack  tip  have 
been  mapped  out.  Positron  annihilation  Is  sensitive  to  dislocation  rearrange¬ 
ments,  but  I  am  not  sure  that  this  is  important  for  RFC.  The  same  is  true 
for  the  so-called  exo-electron  emission  technique.  Again,  plastic  zones  could 
be  made  visible.  Utility  for  RFC,  however,  is  very  unlikely  in  that  high 
vacuum  is  required. 
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Acoustic  emission  is  another  acoustic  technique  we  talked  about  briefly. 

An  external  stress  would  be  required  to  trigger  a  signal  at  a  surface  or  near¬ 
surface  flaw.  It  is  hard  to  imagine,  however,  that  the  Air  Force’s  Logistics 
Commands  would  allow  us  to  apply  a  stress  to  engine  discs.  The  only  way  we 
could  see  applications  of  acoustic  emission  may  be  in  a  spin  pit  test.  In  such 
a  test,  however,  other  difficulties  come  about.  A  spin  pit  has  a  very  noisy 
environment  and  it  may  be  impossible  to  select  the  important  signals  out  of  the 
background. 

Some  of  us  were  aware  of  the  Air  Force's  efforts  to  use  mechanical  gauges 
to  monitor  aircraft  frames.  Use  is  made  of  a  precracked  mechanical  gauge  mounted 
to  the  frame.  By  means  of  a  "transfer  function"  it  is  feasible  to  draw  conclu¬ 
sions  about  the  growth  of  a  crack  at  a  critical,  inaccessible  location  on  the 
frame.  The  question  is,  is  there  any  way  to  put  a  gauge  on  an  engine?  It  may 
be  useful  to  use  the  acoustic  quality  factor  0  of  a  disc  to  monitor  the  state 
of  the  fatigue  damage  in  a  disc.  Q  has  been  used  for  many  years  in  quality  assur¬ 
ance;  its  very  unsophisticated  version  is  the  famous  "coin  tapping"  method. 
Certainly  one  could  do  much  better  now  to  determine  0  with  modern  electronics 
Instead  of  the  human  ear.  If  we  have  to  detect  a  five  mil  crack,  however,  I 
feel  that  even  our  best  electronics  may  not  be  sensitive  enough  to  determine  a 
change  in  Q.  The  use  of  optical  methods,  such  as  speckles  or  correlation  inten¬ 
sity  methods,  was  suggested.  In  the  latter  case  laser  holography  and  optical 
correlation  between  successive  pictures  have  been  used.  The  method  is  very  sen¬ 
sitive  to  slip  band  and  microcrack  formation.  Certainly  a  difficulty  is  that 
one  would  have  to  store  the  image  for  comparison  with  the  later  state  of  damage 
in  the  disc.  Another  topic  that  we  tried  to  address  was  the  effect  of  residual 
stresses  on  RFC.  Figure  4  summarizes  these  discussions. 

"  RESIDUAL  STRESS 

1.  Designer  does  not  assume  presence  of 
residual  stresses  at  present  time. 

2.  Machinist’s  experience  Is  important 
in  fabrication. 

3.  Long  range  stresses  are  Important  to 
crack  closure  In  Initiation  regime. 

compression 

constitutive 
relations? - - — 

Figure  4 
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It  was  pointed  out  that  at  the  present  time  the  designer  does  not  make 
any  assumptions  on  the  presence  of  residual  stresses  in  an  engine  disc.  Our 
feeling  was  that  in  the  future  this  design  philosophy  may  have  to  be  changed. 
It  is  well  known  that  residual  stresses  affect  the  fatigue  life.  A  measure¬ 
ment  of  the  residual  stresses  prior  to  putting  the  disc  into  service  is  not 
enough,  however.  Residual  stresses  change  due  to  fatigue  and  therefore  it  may 
become  necessary  to  monitor  these  changes  on  a  routine  basis.  At  present, 
the  machinist's  experience  with  specific  materials  is  an  important  factor  in 
the  fabrication  of  the  discs.  If  he  knows  his  trade,  favorable  compressive 
residual  stresses  in  the  top  surface  layer  will  be  introduced,  probably  giving 
rise  to  a  certain  conservation. 

Certainly  compressive  residual  stresses  are  necessary  to  keep  existing 
cracks  slightly  closed,  particularly  in  the  crack  initiation  regime.  These 
compressive  residual  stresses  thus  prevent  the  cracks  from  growing.  Thus  I 
believe  that  measurements  of  residual  stresses  after  machining  and  during  the 
service  life  of  a  part,  as  well  as  their  use  in  design,  may  become  a  very  im¬ 
portant  factor  in  a  successful  application  of  RFC. 

As  a  last  point,  we  discussed  transducer  development  and  signal  process¬ 
ing.  This  is  summarized  in  Figure  5. 


TRANSDUCER  DEVELOPMENT  AND  SIGNAL  PROCESSING 


•  Conventional  Transducers 

Radiation  Pattern  . 

c  o  /  for  f  u  I  I 

Frequency  Response 


flaw  characterization 


•  Spatial  Averaging  to  Reduce  Grain  Noise 


•  Time  Averaging  to  Reduce  Electronic  Noise 
Signal /Noise  a  /averages 


•  Inversion  Algorithms 
ka  =  10  >  Imaging 

ka  =  2-10  Model  Reconstruction — Born,  Poffis 

ka  =  1-5  ALN 

ka  <  1  Long  Wavelength 


Figure  5 


Conventional  acoustic  transducers  should  be  better  characterized  as  to 
their  radiation  patterns  and  frequency  response.  To  us  this  seems  important. 
Spatial  averaging  of  acoustic  signals  to  reduce  grain  noise  should  be  done  on 
a  routine  basis.  Time  averaging  of  signals  to  reduce  electronic  noise  should 
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also  be  helpful  for  Improved  flaw  detection.  Last,  but  not  least.  Inversion 
algorithms  that  have  been  developed  recently,  such  as  in  the  ARPA/AFMl  program 
on  quantitative  NOE,  should  be  implemented  in  the  RFC  program  as  soon  as  possi¬ 
ble. 

That  basically  concludes  what  I  had  to  say.  I  am  afraid  we  came  up  with 
too  many  positive  suggestions  for  the  present  RFC  program.  However,  I  believe 
that  RFC  will  continue  over  and  beyond  1985,  once  it  is  demonstrated  that  it 
is  a  useful  concept. 


■ 


Panel  Two 


DISCUSSION 

R.  Rounnd,  KOi  FoKcc  HaA&rujxti  LaboruvtoKy:  One  thing  has  not  been  dis¬ 
cussed  this  morning.  When  we  are  talking  about  the  state  of  the  art  techniques 
or  new  techniques,  the  subject  of  cleaning  prior  to  inspection  and  part  prepara¬ 
tion,  where  required,  is  quite  important.  In  essence,  this  ties  into  Bernie 
Tittmann's  comment  earl ier  about  standards,  and  I  am  going  to  show  my  bias  about 
standards  now,  but  standards  are  never  standards — they  never  stay  standards. 
Probably  the  worst  example  is  a  penetrant  standard.  Gradually,  you  fill  up  a 
crack  if  it's  a  tight  crack,  but  you  never  get  the  dirt  out  of  it.  If  you  try 
to  make  quantitative  comparisons  between  some  standards  and  an  actual  defect 
you  always  find  out  that  the  crack  was  larger  or  smaller  than  your  standard  and 
often  it  is  related  to  inadequate  cleaning  processes.  This  is  another  topic 
that  we  have  to  consider  in  all  of  our  activities. 

0.  Buck:  I  agree.  The  subject  did  not  come  up  in  our  discussion. 

F.  TayZoK,  Syt>texn&  Rc&ea/ich  La.boruxAoKjj:  There  are  two  areas  here,  prob¬ 
ably  mostly  a  matter  of  definition,  that  i  think  are  important  to  clarify. 

What  do  we  mean  by  automation?  In  Panel  One  at  the  very  beginning  we  simply 
defined  it  to  mean  a  replacement  of  the  human  brain  in  the  decision-making  pro¬ 
cess.  In  a  corollary  we  concluded  that  RFC  will  not  work  if  you  have  human  de¬ 
cision  making.  This  goes  back  also  to  automated  FPI,  where  it  may  happen  that 
the  inspector  is  not  fully  alert.  I  think,  regardless  of  whatever  technique  we 
are  looking  for,  at  the  present  time  we  are  relying  upon  a  human  brain  to  make 
the  decision,  and  that  is  not  going  to  work.  We  need  full  automation,  a  re¬ 
placement  of  the  human  brain. 

R.8.  Thompson,  Ama  La.borvxA.oKij:  I  really  just  want  to  follow  up  on  some 
comments  that  Dick  made.  One  of  the  things  that  Steve  didn’t  get  a  chance  to 
cover  was  a  discussion  we  had  about  a  particular  technique  whose  success,  per¬ 
haps,  somewhat  depended  on  how  well  the  part  could  be  cleaned.  This  is  an  area 
of  specifications  I  think  the  people  developing  the  techniques  don’t  have  a  good 
feel  for.  Some  techniques  certainly  would  work  if  you  could  get  the  surface  in 
good  condition,  but  God  knows  if  the  Air  Force  or  the  manufacturer  would  allow 
that  to  be  the  case.  I  think  that  this  is  an  area  where  greater  communication 
is  needed.  I  don't  know  how  to  stipulate  it. 
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0  Buck:  |  might  say  that  we  discussed  part  of  this  problem,  too,  particu¬ 
larly  with  respect  to  parts  rubbing  against  each  other.  What  do  you  do  in  that 
case?  This  situation  may  be  even  worse  than  the  cleaning  procedure  or  inade¬ 
quacies  in  cleaning  procedures.  If  you  are  supposed  to  look  for  five  mil  cracks, 

I  don’t  know  the  answer. 

J.  MoyzOs,  KOi  FoA.ce  Matefuati  La.boficU.ofiy:  I  think  you  are  talking  more 
about  problems  for  Panel  One  rather  than  Panel  Two.  If  Panel  Two  really  knew 
that  what  we  were  doing  was  trying  to  look  at  more  exotic  or  advanced  procedures, 
ones  that  we  wouldn’t  be  able  to  apply  in  near  term  but  we  could  view  as  candi¬ 
dates  to  plug  up  holes  in  what  we  saw  as  problems  in  retirement  for  cause,  we 
would  have  to  address  different  problems.  The  only  way  cleaning  would  enter 
that  kind  of  situation  is  if  we  could  show,  fundamentally,  that  a  technique 
would  be  eliminated  because  of  a  cleaning  difficulty.  I  don't  think  the  cleaning 
issue  addresses  what  we  were  talking  about  at  all  unless  we  could  show  that 
fundamental  block. 

R.8.  Thompson:  I  agree.  I  was  just  replying  to  Dick’s  comment  because 
I  thought  it  was  an  important  issue. 

W.  R HAjnann,  KOi  FoAce  Ma£zfUal&  LabofuUofiy :  Otto,  as  I  sat  and  watched 
your  presentation,  I  had  a  couple  of  concerns.  It  came  down  to  the  definition 
of  feasibility.  There  are  a  number  of  very  exotic,  very  sophisticated  approaches, 
and  not  being  in  the  field  at  all  I  have  no  idea  whether  you  are  talking  five 
years  or  50  years  to  implement  some  of  those  systems.  But  I  notice  in  a  great 
many  cases  today  they  were  checked  as  having  established  feasibility,  and  I 
guess  I  should  remind  you  that  feasibility  means  different  things  to  different 
people.  When  you  get  down  into  the  ALC's,  you  know,  feasibility  to  those  people 
means  not  that  a  Ph.D.  sat  down  in  the  lab  with  a  hand-built  piece  of  equipment, 
measured  something,  and  concluded  that  this  is  something  that  is  a  month  away 
from  having  a  full  production  unit.  The  point  I  want  to  make  is  that  I  would 
caution  you  in  regard  to  the  use  of  the  word  "feasibility"  because  it  connotes 
different  things. 

0.  Buck:  Right.  We  defined  the  term  "feasibility"  as  the  laboratory 
demonstration  of  a  technique  that  is  useful  to  monitor  the  damage.  We  tried 
to  break  it  down  into  several  columns:  feasibility  in  the  laboratory,  feasibil¬ 
ity  during  the  development  stage,  feasibility  in  field  applications.  We  also 
tried  to  make  an  educated  guess  when  we  thought  these  goals  could  be  achieved, 
assuming  money  would  be  available,  and  assuming  enough  manpower  to  really  push 
those  that  look  most  promising.  It  was  impossible,  however,  to  get  any  consensus 
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on  these  dates.  Basically,  I  agree  with  you,  "feasibility"  means  different 
things  to  different  people. 

F.  TayloH.:  My  point  is  that  feasibility  is  what  the  state  of  the  art  is. 

I  think  what  you  mean  is  too  far  back.  You  talked  about  20  years  from  now. 

Some  people  think  that  is  conservative;  Jack  thinks  it's  close  to  20.  But  10 
years  is  a  good  average  number.  I  think  our  definition  has  to  be  farther  down 
the  line;  not  only  somebody  did  something,  but  somebody  built  something  that 
actually  works  somewhere  and  it  is  doing  the  job.  If  we  are  going  to  look  at 
1985  for  implementation,  we  have  to  start  now. 

R.  Rowand:  I  guess  to  further  add  to  my  earl ier  comment,  Bruce,  maybe 
the  academic  community  is  doing  the  wrong  thing.  What  we  really  need  to  develop 
is  a  DCD,  which  means  "dirty  crack  detector."  In  other  words,  don't  do  any 
cleaning  but  find  a  way  to  find  a  crack  that  is  completely  filled  with  oxide. 

J.  Rase,  UniveAAlty  Hickigan:  At  the  end  you  mentioned  transducer  de¬ 
velopment,  and  so  this  would  be  perhaps  not  quite  so  related.  I  think  it  is  im¬ 
portant  in  that  we  start  talking  about  two  octave  bandwidths  in  our  transducers. 

I  notice  that  wasn't  put  down.  I  think  that  is  going  to  be  absolutely  necessary. 

That  is  quite  a  bit  down  the  road,  perhaps.  We  have  to  get  started,  a  couple 

of  octaves  in  a  couple  of  decades.  W^'re  really  going  to  need  it. 

L.  Kei&leA,  Sono^can:  In  the  "potential  opportunity"  chart  that  we  put 
down  in  Panel  Two — I  was  involved  in  the  panel — there  is  very  little  differentia¬ 
tion  between  many  of  the  techniques.  Perhaps  we  ought  to  look  at  it  a  little 

bit  closer  on  another  occasion  and  find  these  various  levels  of  feasibility  so 
the  potential  user — benefactors,  if  you  will — can  take  a  look  at  it. 

0.  Buck:  Right.  I  would  agree  with  that.  That  is  a  very  good  point. 

I  would  like  to  add  that  it  may  be  worthwhile  to  perform  round-robins  to  find 
the  best  techniques. 

L.  KeA&len.:  I  think  even  in  the  academic  role  we  took  yesterday,  we  would 
get  a  further  differentiation  than  defining  some  level  of  feasibility. 

0.  Buck:  Sure. 

8.  Tlttmann,  Rockwell  InZefimtional  Science  Centei:  I  was  involved  in 
this  panel,  and  the  subject  of  surface  preparation,  surface  changes,  microstruc- 
ture  near  the  surface,  came  into  discussion  but  we  really  didn't  have  a  quorum 
to  discuss  that  at  great  length.  So  this  point  is  really  addressed  to  the  audi¬ 
ence.  In  the  long-range  effort,  how  big  a  role  do  you  see  for  a  good  character¬ 
ization  of  that  near-surface  microstructure  in  terms  of  producing  cracks  in 
surface? 
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0.  Buck:  We  came  to  the  consensus  that  at  present  metallography  is 
performed  on  the  disc’s  microstructure;  however,  metallography  is  not  re¬ 
peated  after  the  part  has  seen  service.  The  opinion  was  that  we  probably 
don't  have  to  worry  about  microstructural  changes  in  the  sense  that  phase 
transformations  are  induced  or  that  grain  growth  occurs  due  to  high  tempera¬ 
ture  appl ications.  We  would  probably  not  have  to  worry  too  much  about  such 
changes.  We  had  another  question  that  pointed  in  the  same  direction:  Would 
we  have  to  try  to  measure  changes  of  the  fracture  toughness  during  the  service 
life?  Again,  the  answer  was  probably  not,  because  we  don't  have  a  microstruc¬ 
tural  change.  However,  after  that  I  talked  to  Cliff  Wells,  and  one  thing  that 
worries  both  of  us  is  the  possibility  of  oxidation  effects  of  the  grain  bound¬ 
aries.  Could  this  lead  to  changes  from  a  transgranular  initiation  to  an  inter¬ 
granular  initiation,  or  vice  versa,  possibly  having  an  effect  on  the  initiation 
life?  But  I  think  we  never  came  to  a  real  conclusion  on  that  question;  it  may 
be  worthwhile  to  look  into  this  in  the  future. 

J.  HaAAAJt,  Vnxctt-WhAjtnzy:  I'd  like  to  make  just  an  observation  in  that 
regard.  Of  course,  people  who  make  the  components  do  look  at  long-term  stabil¬ 
ity  in  their  alloy  programs.  We  do  look  very  carefully  at  the  microstructure 
on  each,  for  example,  of  the  high  turbine  parts.  We  have  a  proce.s  called 
16-point  check.  That's  surface.  What  we  are  talking  about  in  retirement  for 
cause,  however,  is  that  while  we  are  satisfied  that  we  are  not  going  to  have 
any  drastic  changes  in  the  one  lifetime,  we  have  always  been  concerned  with 
today — now  we  are  talking  about  two  or  three  lifetimes!  I  think  it  is  a  ques¬ 
tion  that  could  be  addressed  in  terms  of  priority.  At  present  we  are  just 
ignoring  it.  We  are  saying  that  it  is  something  to  think  about,  and  that  is 
my  observation. 

0.  Buck:  That  is  interesting. 

W.  R cimann:  I'd  just  like  to  follow  that  one  step  further.  There  is 
some  precedence  for  doing  microstructura I  evaluation  of  metal lographic  evalua¬ 
tion  as  a  handy  tool,  if  you  want  to  think  of  it  that  way.  We  do  have  one 
engine  in  the  Air  Force  which  operates  at  an  extremely  high  temperature  condi¬ 
tion  where  there  is  a  concern  for  metal lographic  stability,  and  it  is  an 
accepted  practice  in  that  particular  case  to  do  replication  of  some  spots  on 
the  surface  and  check  the  microstructure  for  grain  boundary  precipitation  and 
so  on.  I  agree  with  Jack's  assessment  at  this  point  that  it  is  probably  a 
lower  priority  concern,  and  as  we  get  experience  with  using  these  discs  longer 
we  may,  in  fact,  decide  that  we  do  have  to  start  doing  something  on  that. 
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0.  Buck:  Could  you  tell  us  a  little  about  the  residual  stress  problem? 

Do  you  worry  or  not? 

W.  Rcimann:  I  worry  very  much  about  the  residual  stress  problem.  I 
think  all  of  us  in  the  mechanics  area  are  very  much  aware  of  the  difference  in 
residual  life  that  residual  stress  can  make  in  your  calculations.  Our  prob¬ 
lem,  of  course.  Is  that  we  have  no  idea  of  how  to  get  a  handle  on  it  or  how 
to  measure  it,  how  reproducible  it  is,  whether  it  stays  there,  etc.  The  point 
was  made  earlier,  I  think  by  Steve  Cargill  in  his  presentation,  that  our  approach 
right  now  is  to  ignore  residual  stress.  On  the  assumption  that  there  is  com¬ 
pressive  residual  stress,  that  is  a  very  conservative  approach.  If  it  is  ten¬ 
sile,  we're  in  big  trouble.  The  question  of  residual  stress,  in  my  mind  at 
least,  is  a  very  key  issue  that  we  would  dearly  love  to  solve.  Unfortunately, 

I  don't  know  of  any  approach  to  it  at  this  point,  but  I  think  it  is  a  very  key 
issue. 

J.S.  CangiLL:  I  thought  I  heard  you  say  earl ier,  Otto,  that  the  state  of 
the  art  techniques  for  aircraft  technique  components  were  limited  to  eddy  cur¬ 
rent  and  fluorescent  inspection. 

0.  Buck :  That's  the  impression  I  got  yesterday  during  our  panel  discussion. 

J.S.  Caxg^itt:  Was  that  from  a  production  or  field  standpoint,  or  every¬ 
thing  in  general ? 

0.  Buck:  In  the  field  where  RFC  will  be  executed;  In  other  words,  at  the 

ALC. 

J.S.  CaAgiZt:  There  is  a  surface  wave  inspection  used  on  the  fan  blades 
of  the  F-100  in  San  Antonio;  so  it  is  being  used,  and  even  more  so  in  production. 

0.  Buck :  Thank  you;  I  was  unaware  of  that. 

V.O.  Thompson:  I  would  like  to  make  one  comment  before  we  proceed.  It 
returns  to  this  problem  of  availability  of  real  samples.  It  crops  up  from  the 
research  point  of  view  in  several  ways.  One  is,  what  is  feasibility?  Avail¬ 
ability  of  samples  of  a  real  nature  would  help  tremendously  on  that.  It  comes 
up  in  this  question  (Dick's  question),  what  is  a  real  surface  in  which  to  eval¬ 
uate  these  things?  Thirdly,  it  comes  up  in  trying  to  make  an  assessment  of 

new  technologies  which  may  have  a  role.  Again,  without  the  availability  of 
real  samples,  from  the  research  point  of  view  one  is  forced  into  the  mode  of 
model-type  flaws  or  model  calculations,  and  so  on.  I  think  the  overall  effort 

would  benefit  if  there  were  some  convenient  source  of  samples.  They  would  move 

us  one  step  forward  toward  closing  some  of  the  gaps  between  model  flaws  and 
flaws  in  which  real  answers  have  to  be  given. 
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C.  R au,  Failure  knaJbj&AJi  kbbooMxJLtAi  I'm  not  in  the  community  direct ly, 
but  I  believe  that  statement  is  a  bit  of  a  cop-out.  There  is  really  no  rea¬ 
son  why  the  inspection  community  can't  create  samples  which  are  much  closer  to 
being  representative  of  real  flaws  just  by  going  to  their  laboratories  and  crea¬ 
ting  them.  We  could  produce  a  fatigue  crack  at  a  representative  temperature  at 
a  representative  cracking  mode.  It's  not  the  real  world,  but  when  we  can't  get 
the  real  hardware  I  don’t  think  we  necessarily  have  to  stop  at  the  kind  of  stan¬ 
dard  we  make  in  one  day  or  even  a  week. 

V.O.  Thompson:  I'm  not  saying  you'd  have  to  have  all  real-world  samples, 
but  how  do  you  convince  people  that  things  are  worthwhile?  Real-world  samples 
are  not  easily  available.  Certainly  you  can  simulate  real  cracks  or  other 
flaws.  The  NDE  people  have  done  that  frequently.  You  don’t  need  all  real-world 
samples,  but  you  certainly  need  a  few  to  demonstrate  what  feasibility  is  and 
make  a  convincing  demonstration.  Furthermore,  the  effects  of  real  geometries 
upon  test  results  must  be  evaluated.  It  is  very  difficult  to  simulate  some  of 
the  complex  geometries  required. 
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0.  Smith:  I  will  give  the  results  of  the  discussions  in  the  order  pre¬ 
sented  in  Figure  1. 

We  discussed  how  accept/reject  criteria  drive  NDE  requirements,  effects 
of  performance  history  on  the  formulation  of  accept/reject  criteria,  the  prob¬ 
lem  of  establishing  and  using  inspection  intervals,  and  decision  display  alter¬ 
natives  (which  is  at  least  partly  a  human  factors  problem).  I  think  the  answer 
we  came  up  with  to  the  first  of  these  is  that  it  doesn't  at  this  time.  Instead 
the  reverse  is  true:  in  order  to  establish  a  real  operating  RFC  system  in  1985 
NDE  capability  is  going  to  end  up  driving  the  accept/reject  criteria  to  a  cer¬ 
tain  extent.  Trade-offs  will  be  made  between  A/R  criteria  and  NDE.  We  expect 
a  very  confusing  and  painful  learning  process  during  the  early  phases  of  RFC. 

We  talked  about  the  possible  need  to  establish  accept/reject  criteria  which 
will  initially  allow  many  false  rejects.  We  would  then  expect  to  perform  de¬ 
tailed  inspection  of  false  rejects  through  some  backup  means,  to  fine-tune  and 


adjust  the  system  to  try  to  reach  an  optimum.  However,  there  is  another  fac¬ 
tor  working  against  us:  We  must  learn  fast  or  we  will  cause  an  inventory  prob¬ 
lem.  There  is  a  limited  number  of  F-100  engines,  perhaps  300  in  floating  in¬ 
ventory.  If  we  reduce  this  floating  Inventory,  we  will  imperil  the  mobilization 
readiness  of  a  lot  of  airplanes.  We  also  discussed  the  need  to  develop  test  and 
calibration  standards;  I  think  we  generally  agreed  that  we  do  need  testing  and 
calibration  standards.  We  discussed  real  cracks  versus  simulated  and  manufac¬ 
tured  cracks  and  other  defects.  We  also  talked  about  the  need  to  have  surprise 
tests;  that  is,  discs  or  other  components  randomly  inserted  in  the  inspection 
scheme  without  the  knowledge  of  any  of  the  operators,  as  a  check  on  the  system's 
accuracy.  One  thing  that  came  out  of  the  discussion  is  that  there  is  more  to 
the  formulation  of  an  accept/reject  criterion  than  just  the  crack  size.  Of 
course,  and  as  we  discussed  earlier  today,  there  are  other  kinds  of  defects  than 
cracks  that  are  a  problem.  For  example,  we  have  dimensional  tolerance  difficul¬ 
ties.  The  formulation  of  the  accept/ reject  criterion  is  also  going  to  take  into 
account  some  information  extrinsic  to  the  state  of  the  disc  itself  as  we  observe 
it;  that  is,  some  knowledge  about  its  performance  history,  how  It’s  been  used, 
and  some  knowledge  concerning  the  results  of  previous  inspections  on  the  disc. 
The  economics  of  trying  to  come  up  with  some  optimum  or  desirable  accept/ reject 
criterion  are  extremely  complicated.  There  is  a  strategic  materials  issue:  if 
the  components  of  RFC  inspection  engine  pieces  become  increasingly  scarce,  then 
we  may  be  willing  to  tolerate  a  much  higher  failure  rate  than  otherwise.  There 
is  also  an  operational  readiness  problem:  events  may  occur  militarily  that  will 
cause  us  to  pass  parts  that  we  might  otherwise  not  pass.  There  are  many  other 
issues  in  formulating  A/R  criteria  than  merely  the  size  of  cracks. 

We  also  talked  about  a  difficulty  that  may  develop  as  we  do  extend  part 
life  to  two  and  three  times  the  design  life.  New  failure  modes  may  appear,  and 
they  may  puzzle  the  system  and  us,  too.  First  we  discussed  the  situation  in 
which  you  have,  for  example,  a  ten-times  design  life  disc.  It  turns  out  that 
a  ten-times  life  disc  is  probably  not  really  going  to  happen  because  this  would 
take  us  well  Into  the  Twenty-First  Century,  by  which  time  the  planes  will  have 
been  scrapped.  But  it  is  possible  that  two-  to  three-times  design  life  parts 
may  be  in  service,  and  we  may  begin  anticipating  those.  We  discussed  the  fact 
that  as  engine  life  Increases,  the  life  of  the  entire  assembly  increases,  and 
more  parts  are  going  to  be  RFC  candidates.  There  are  also  parts  which  are  not 
highly  stressed  that  we  haven't  talked  much  about,  but  as  we  develop  an  engine 
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that  lives  at  two  times  the  current  design  life,  we  may  have  some  other  low- 
stress  pieces  that  become  candidates.  False  rejects  are  going  to  be  a  serious 
problem.  The  magnitude  of  the  problem  is  indicated  by  the  fact  that,  according 
to  our  Pratt  representatives,  if  the  design  numbers  on  the  F-100  are  right,  we 
are  going  to  see  only  one  in  a  thousand  critically  flawed  discs  at  the  design 
lifetimes.  It's  like  a  needle  in  a  haystack.  We  may  have  an  NDE  threshold  far 
below  the  critical  crack  size  in  order  to  the  the  sensitivity  we  decide  to  have 
in  the  NDE  measurements,  but  we  may  have  a  threshold  that  Is  so  far  below  criti¬ 
cality  that  we  may  be  forced  to  spend  a  great  deal  of  time,  energy,  and  money 
winnowing  out  an  excess  number  of  false  rejects.  It  is  conceivable  that  you 
could  have  so  many  false  alarms  that  you  would  have  to  resort  to  some  sort  of 
backup  system.  Again,  the  issue  kept  emerging  that  an  inventory  has  to  be  kept 
up.  The  Air  Force  will  not  tolerate  a  reduction  in  the  Inventory  of  usable  en¬ 
gines. 

Something  else  came  out  in  the  discussion  of  the  F-100  engine  is  that  it 
is  modular.  The  modules  are  swapped  around  and  changed  from  aircraft  to  air¬ 
craft  and  fleet  to  fleet,  with  the  exception  of  the  hot  section  components, 
which  tend  to  stay  within  a  given  fleet. 

We  had  a  side  discussion  on  the  role  of  internal  defects  in  the  formulation 
of  accept/ reject  criteria  (Figure  2).  What  came  out  of  the  meeting  was  a  state¬ 
ment  that  internal  defects  of  interest  are  bigger  than  surface  defects — perhaps 
twice  as  large.  The  current  design  trend  is  to  assume  internal  defects  propa¬ 
gate  at  about  the  same  rate  as  surface  defects,  but  this  Is  probably  not  true; 
internal  defects  probably  grow  much  more  slowly. 

AN  ASIDE  ON  INTERNAL  DEFECTS 

•  An  internal  defect  of  interest  is  about  twice 
as  big  as  a  surface  defect  of  interest. 

•  Current  trend: 

Assume  Internal  defects  propagate  same  rate 
as  surface  defects. 

•  Most  1 1 ke I y : 

Internal  defects  grow  ten  times  slower 

•  Conclusion: 

We  have  to  look  for  them,  but  probably  not  a 
serious  problem. 

Figure  2 
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The  consensus  of  the  group  is  that  internal  defects  are  important  and  we  have 
to  look  for  them.  They  can  become  a  problem  but  the  detection,  sizing  and 
characterization  of  internal  flaws  Is  not  as  critical  a  part  of  the  RFC  accept/ 
reject  decision  methodology  as  the  surface  flaws. 

We  had  extensive  discussion  on  the  second  topic,  the  effects  of  accumulated 
damage.  We  talked  about  the  possibility  of  measuring  what  i  would  call  nondis¬ 
crete  accumulated  damage — a  bulk  measurement  of  accumulated  damage  in  a  disc, 
perhaps  something  like  the  fatigue  data  obtainable  with  the  acoustic  harmonic 
generation  technique.  Although  it  is  a  good  idea  and  would  be  a  useful  measure¬ 
ment,  there  was  a  great  deal  of  scepticism  in  the  group  about  whether  such  tech¬ 
niques  would  be  practicable  In  time  to  be  incorporated  into  a  first  general  RFC 
system.  What  we  do  have  available  are  engine  performance  data.  At  present  we 
have  some  information  on  throttle  cycles. 

We  talked  about  the  possibility  of  expanding  the  performance  history  data 
base.  There  is  some  British  experience  in  fairly  detailed  monitoring  of  what 
goes  on  in  an  aircraft  engine:  r.p.m.  levels,  how  much  time  an  engine  spends 
at  a  given  r.p.m.,  temperature,  and  fuel-flow  monitoring.  The  consensus  that 
came  out  of  the  group  was  that  the  Air  Force  would  consider  this  kind  of  data 
collection  to  be  an  unacceptable  burden,  that  the  data  management  task  was  too 
great.  It  is  probably  not  realistic  to  try  to  formulate  an  RFC  decision  method¬ 
ology  which  relies  on  making  use  of  more  engine  performance  history  data  than 
are  currently  available.  As  part  of  this,  also,  we  talked  about  short  crack 
fracture  mechanics:  that  is,  the  ability  to  predict  the  propagation  of  cracks 
that  are  shorter  than  or  about  grain  size  in  a  given  material.  They  propagate 
differently  from  larger  cracks.  For  high-nickel  alloys,  we  thought  that  it 
would  be  interesting  to  know,  but  that  short  crack  fracture  mechanics  is  probably 
not  necessary  to  make  a  lifetime  prediction  and  to  establish  some  kind  of  crack 
length  accept/reject  criteria;  chances  are  that  if  you  can  see  a  crack  in  an 
encased  disc,  you  have  a  problem.  In  titanium  alloy  components,  we  generally 
thought  that  it  would  be  necessary  to  have  some  ability  to  predict  crack  growth 
rates  for  short  cracks,  that  if  we  didn’t  develop  that  capability  we  were  going 
to  be  using  an  overly  conservative  reject  decision  point.  A  summary  of  this 
discussion  is  given  in  Figure  3. 


EFFECTS  OF  ACCUMULATED  DAMAGE  ON 
SUBCRIT1CAL  FLAWS 

•  Measure  nondiscre+e  accumulated  damage 

-  A  noble  goal,  but  not  In  1985  (e.g., 
acoustic  harmonic  generation). 

•  Engine  performance  history  next  best 

-  Some  data  available  (cycles). 

-  Expanding  data  base  unacceptable  burden 

•  "Short  Crack"  Fracture  Mechanics 

-  Probably  not  necessary  In  high-nickel 
a  I loys 

-  Probably  very  useful  in  Ti. 

•  Conclusion:  History  data  base  limita¬ 
tions  will  make  history  second  order 
effect  (in  real  system) 

•  Short  crack  mechanics  needed 


Figure  3 


We  also  talked  about  the  desirability  of  trying  to  establish  variable  or 
optimal  intervals  (Figure  4).  However,  it  turns  out  that  the  inspection 
intervals  are  going  to  be  predetermined  tor  us.  They  are  already  set  by  ex¬ 
isting  maintenance  practices.  There  is  very  little  hope  of  trying  to  come  up 
with  variable  inspection  periods  for  different  disc  components  for  engines  out 
of  different  aircraft  that  may  show  trouble  developing  on  successive  inspections. 
The  group's  conclusion  was  that  for  political  and  logistics  management  reasons 
the  inspection  intervals  will  be  prespecjfied  when  the  system  comes  on-line  in 
1985.  It  is  possible  as  RFC  gains  status  and  becomes  generally  accepted  that 
the  RFC  optimization  criteria  may  begin  to  set  the  inspection  intervals.  Again, 
this  is  a  tremendous  logistics  and  data  management  problem  for  the  Air  Force, 
which  the  Air  Force  is  not  currently  ready  to  assume.  We  strongly  recommend 
that  our  system  should  have  a  data  base  which  is  able  to  remember  what  a  cer¬ 
tain  disc  looked  like  at  a  previous  Inspection;  this  would  allow  us  to  do 
several  things.  We  could  do  templating;  we  could  do  a  comparison  between  a 
previous  inspection  and  current  inspection  to  see  if  there  are  differences. 

It  would  also  provide  long  range  consistency  verification,  and  it  would  allow 
us  to  pay  special  attention  to  suspicious  regions. 

There  was  also  an  extended  discussion  on  the  use  of  extreme  value  statis¬ 
tics  for  consideration  of  the  extreme  end  of  the  failure  probability  distribu¬ 
tion  curve.  In  this  range  the  probability  of  a  failure  event  Is  10~3  to  10~4. 
The  difficulty  is  that  It  Is  impossible  to  take  enough  data  to  fully  specify 
the  failure  probability  curve;  you  could  never  fall  enough  discs  to  establish 
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all  possible  correlations  between  defect  characteristics  and  failure  life. 

The  recommendation  developed  in  the  meeting  was  to  develop  a  distribution 
model,  based  on  failure  mechanisms,  and  then  to  validate  the  model  by  not 
disproving  it;  that  is,  use  relatively  few  experimental  points  to  validate 
the  center  portion  with  a  reasonable  amount  of  data,  and  then  use  some  rela¬ 
tively  new  statistical  techniques  in  order  to  extrapolate  the  middle  range  out 
to  the  extreme  values.  Some  people  argue  that  this  all  boils  down  to  Bergson's 
interocular  trauma  test,  which  means  if  the  data  hit  you  between  the  eyes  they 
must  be  right.  The  outcome  of  all  of  this  is  that  there  are  well-known  tech¬ 
niques  for  dealing  with  extreme  value  data  problems  and  we  are  going  to  have 
to  apply  them  to  the  RFC  situation.  We  are  never  going  to  know  all  there  is 
to  know. 

The  fourth  topic — decision  display  alternatives — was  dispensed  with 
quickly.  The  consensus  of  the  group  was  that  there  is  no  alternative  to  a 
simple  yes-no  binary  display  of  test  results.  The  information  content  that 
the  operator  has  to  deal  with  must  be  reduced  to  this  level — an  unambiguous 
binary  signal.  A  summary  of  discussions  on  the  topic  of  variable  or  optimal 
inspection  intervals  is  given  in  Figure  4. 


INSPECTION  INTERVALS 

•  Inspection  intervals  already  set  by  existing 
maintenance  practice 

•  As  RFC  gains  status,  it  may  set  intervals 

•  Variable  intervals  very  tough  logistics  problem 
"  System  should  be  able  to  remember  what  a  disc 

looked  like  in  a  previous  test 

-  Templating 

-  Consistency  verification 

-  Special  attention  to  suspicious  areas 

•  We're  worried  about  extreme  value  events — p=10  ? 

•  Taking  enough  data  to  "know”  we’re  right  is  ruinous 

•  Approach 

-  Develop  a  mechanism-based  model 

-  Validate  model  (at  least  don't  disprove  it)  with 
reasonable  amounts  of  data 

-  Extrapolate  model  to  "tails" 

•  Relatively  new  statistical  techniques  in  hand  to  dp 

this;  e.g.,  Bergson's  Interocular  Trauma  Test _ 


Figure  4 


In  discussion  of  the  fifth  and  last  point,  the  liability  problem,  two 
issues  were  involved:  If  you  have  RFC  you  may  get  into  trouble,  and  If  you 
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don't  have  RFC  you  may  get  Into  trouble.  The  consensus  of  the  discussion 
was  that  liability  is  not  thought  to  be  a  really  serious  Issue  in  military 
applications.  Now,  there  are  some  exceptions  to  that.  If  RFC  for  some  rea¬ 
son  results  in  a  higher  failure  rate,  then  obviously  someone  is  going  to 
have  to  pay  the  cost  of  those  failures.  It  will  probably  be  the  Air  Force. 

If  RFC  follows  the  pattern  of  other  military  hardware  development  programs, 
it  will  evolve  slowly  into  commercial  applications,  and  during  that  rela¬ 
tively  slow  evolution  it  will  be  perfected.  By  the  time  RFC  is  actually 
applied  to  commercial  aircraft  engines,  the  risks  of  applying  it  will  be 
very  low.  There  Is  a  difficulty,  however;  it  is  possible  to  imagine  a  scenario 
in  which  the  mere  existence  of  a  workable  inspection  and  lifetime  prediction 
technique  of  greater  accuracy  than  that  which  is  used  in  commercial  aircraft 
engines  is  applied  to  military  engines.  The  existence  of  that  technique  may 
be  used  as  evidence  that  the  commercial  aircraft  engine  manufacturer  is  not 
doing  all  he  could  to  ensure  the  safety  of  his  product.  There  was  a  recent 
case  in  California  in  which  the  manufacturer  had  shifted  to  him  the  burden  of 
proving  that  he  could  not  have  designed  a  safer  product.  Court  decisions 
such  as  that ’make  manufacturers  very  wary  of  what  the  future  may  hold.  In 
light  of  all  the  things  we  are  doing  in  RFC,  the  liability  community  is  going 
to  need  a  new  definition  of  a  defect.  If  our  NDE  techniques  get  good  enough, 
pretty  soon  we  will  know,  and  will  have  records  of  knowing,  that  every  compo¬ 
nent  in  an  engine  has  some  anomaly  in  it;  obviously,  those  will  not  all  be  de¬ 
fects  that  represent  a  justifiable  reason  for  taking  a  component  out  of  service. 
But  judges  and  juries  and  the  law  tend  to  lag  a  few  generations  behind  the 
technologists.  We  feel,  on  balance,  that  RFC  should  ultimately  reduce  the  li¬ 
ability  exposure  of  everyone  involved.  But  there  are  some  mid-term  difficulties 
that  could  arise.  These  points  are  summarized  in  Figure  5. 

LIABILITY 

•  Liability  is  not  thought  to  be  a  serious 
issue  in  military  applications. 

•  RFC  will  evolve  slowly  to  commercial  appl I- 
catlon.  Risks  of  applying  will  be  low. 

•  Liability  community  will  need  a  new  defini¬ 
tion  of  "defect." 

•  RFC  should  ultimately  reduce  liability  ex¬ 
posure.  _ _ 


Figure  5 


That,  I  think  just  about  covers  what  we  discussed. 
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Panel  Three 


DISCUSSION 

V. O.  Thompion:  Wally  Reimann  has  to  leave  shortly  and  has  a  couple  of 
comments  that  he  would  like  to  make. 

W.  R ZAjmcunn:  Thanks  very  much.  Before  I  start,  I  would  like  to  say  how 
much  I  appreciated  Ora's  pitch,  because  I  sat  through  that  yesterday  and  I 
was  very  curious  as  to  what  we  discussed,  too.  And  this  morning  I  found  out. 

But  I  really  just  wanted  to  make  a  couple  of  comments  on  the  last  day's  efforts. 
I'd  like  to  go  back  to  some  things  that  Mike  said  on  our  first  morning,  when 

he  posed  the  question,  "Show  me  why  retirement  for  cause  won't  work."  Now  that 
sometimes  can  be  a  very  Interesting  intellectual  exercise  and  sometimes  it  can 
even  be  valuable,  but  it  can  also  be  very  dangerous.  I  am  reminded  of  a  situa¬ 
tion  that  took  place  in  1942  when  President  Roosevelt  called  together  a  very 
high-level  panel  to  make  some  decisions  on  some  activities.  This  panel  delib¬ 
erated  for  about  six  months  and  finally  went  back  to  the  President  with  a  very 
emphatic  recommendation  that  the  U.S.  should  not  spend  its  technology  dollars 
and  manpower  in  trying  to  develop  a  jet  engine  because  the  probability  of 
successfully  applying  a  jet  engine  to  military  or  civilian  aircraft  was  so  low 
as  to  make  the  thing  virtually  worthless.  Fortunately  for  a  great  many  of  us 
in  this  room,  that  recommendation  was  not  accepted.  But  this  story  points  out 
that  it  is  very  easy  to  get  bogged  down  in  the  negative  in  looking  at  problems 
like  this.  Over  the  last  couple  of  days  I  have  had  the  impression  that  we  were 
leaning  that  way,  and  if  the  question  had  been  posed,  "Tell  me  when  we  can  do 
retirement  for  cause,"  I  was  a  little  afraid  that  the  answer  would  be  "Probably 
around  2050."  This  morning,  however,  I  have  been  very  pleased  to  see  that  this 
hasn't  developed. 

I  think  the  reason  we  are  all  here  is  that  we  don't  want  to  go  into  this 
thing  with  blinders  on  and  say,  "Retirement  for  cause  is  going  to  work  in  1985 
and  that  is  all  there  is  to  it."  We  are  trying  to  approach  it  in  a  very  posi¬ 
tive  way,  and  I  feel  as  I  have  listened  to  these  summaries  this  morning  that 
what  we  are  getting  are  very  positive  comments  in  terms  of  what  we  can  do  and 
in  terms  of  where  the  weaknesses  are  and  so  on.  I,  for  one,  am  very  appreciative 
of  that.  I  think  there  are  opportunities  for  things  that  can  be  done  over  the 
next  few  years,  and  I  think  probably  should  be  done.  I  apologize  for  having 
to  dash  off  to  the  airport,  but  I  want  to  thank  everyone  for  their  participation, 
at  least  on  the  part  of  the  Air  Force,  and  I  think  we  have  had  a  good  meeting. 
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V.O.  Thompson:  Thanks,  Wally.  Let's  return  to  some  of  your  questions 
and  answers  now.  Ora. 

8.  Tittmann:  You  talked  about  liabilities.  Do  you  think  that  the  burden 
of  liability  may,  in  fact,  shift  to  those  people  or  companies  who  are  carrying 
out  the  RFC?  Is  that  a  real istic  conjecture? 

0.  Smith:  It's  a  possibility,  especially  in  the  commercial  field.  Nor¬ 
mally,  most  aerospace  companies  which  do  hardware  development  business  for  the 
government  have  in  their  contracts  indemnification  clauses  under  which  the 
government  agrees  to  hold  the  manufacturers  harmless,  to  indemnify  them,  for 
any  successful  suits  against  the  manufacturer  which  arise  out  of  the  govern¬ 
ment's  use  of  their  product.  The  situation  is  different,  however,  for  the  manu¬ 
facturer  of  a  component  of  a  commercial  aircraft.  Aircraft  are  regarded  as 
inherently  dangerous  things  in  the  eyes  of  the  law,  and  any  manufacturer  of  a 
piece  of  an  airplane  has  a  considerable  liability  exposure  every  time  there  is 
a  crash.  It  is  not  necessary  in  most  airplane  crashes  to  show  that  the  manu¬ 
facturer  was  negligent.  There  is  a  theory  of  strict  liability,  which  goes  like 
this;  In  the  case  of  injury  that  is  caused  by  something  which  is  a  dangerous 
thing,  such  as  an  airplane  or  a  part  of  an  airplane,  all  you  have  to  show  is 
that  there  was  a  defect  in  It  when  it  left  the  manufacturer's  hand  and  the  de¬ 
fect  caused  the  Injury.  You  don't  have  to  show  anything  about  due  care,  that 
the  manufacturer  was  negligent,  that  he  did  something  out  of  his  way  to  cause 
this  defect  to  happen.  If,  for  example,  you  had  a  perfectly  good  RFC- inspected 
turbine  disc,  and  In  your  data  banks  you  had  a  lot  of  information  that  said 
there  are  little  one-mil  type  cracks  in  this  thing  and  they  are  everywhere  but 
they  are  not  a  problem,  and  there  was  a  crash,  you  could  sets  an  added  risk  ex¬ 
posure  placed  on  that  manufacturer;  he  has  a  data  base  which  can  be  discovered 
and  admitted  as  evidence. 

J.  R o&z:  Coming  back  to  the  liability,  I  was  really  a  bit  perplexed  by 
your  last  comment  and  I  would  like  you  to  explain  It,  which  Is  that  RFC  should 
reduce  the  overall  liabilities  exposure.  I  don't  understand  why. 

0.  Smith:  Well,  if  RFC  works,  presumably  one  of  the  effects  it  might 
have  is  to  reduce  early  failures.  To  the  extent  it  does  that,  it  could  reduce 
liability  exposure.  It  is  conceivable  that  It  might  also  reduce  liability 
exposure  by  allowing  the  manufacturer  to  show  that  he  is  more  safety  conscious, 
is  using  Improved  techniques,  especially  in  conjunction  with  the  uniform  pro¬ 
duct  liability  law  which  is  being  considered  now.  This  law  proposed  to  change 
the  definition  of  a  defective  thing  to  one  which  deviates  from  the  manufacturer's 
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specification.  With  RFC  technology,  you  would  be  better  able  to  show  that 
you  produced  a  piece  which  did  not  deviate  from  your  specifications. 

J.  HiC-haAdion:  From  what  you  said  earlier,  I  assume  that  the  RFC  system 
may  reduce  your  exposure  to  punitive  damages  but  not  necessarily  the  exposure 
to  liability  for  a  particular  failure. 

0.  Smith:  It  might  reduce  your  exposure  in  a  particular  failure  in  con¬ 
junction  with  this  proposed  revision  in  product  liability  law.  The  way  things 
stand  right  now,  it  probably  wouldn't. 

J.  HichatcUon:  I  was  assuming  that  when  your  punitive  damage  aspect 
comes  up,  would  you  say  that  you  had  a  procedure  that  was  pretty  much  the  stan¬ 
dard  for  the  industry  for  accepting  and  rejecting  parts  and  everything  accord¬ 
ing  to  acceptable  probabilistic  standards,  etc.? 

0.  Smith:  Punitive  damages  don't  get  assessed  too  often  in  product  liabil¬ 
ity  cases.  You  have  to  show  that  the  manufacturer  acted  with  callous  and  reck¬ 
less  disregard  for  human  life. 

F.  UofUuJ) :  I  don't  think  the  consensus  is  really  in  on  whether  a  statis¬ 
tical  short  crack  model  in  titanium  will  be  more  or  less  conservative  than  con¬ 
tinuum  fracture  mechanics.  AFML  has  a  program,  either  in  progress  or  to  start 
shortly,  to  test  that  thesis. 

0.  Smith:  I  made  the  assumption  that  they  would  be  less  conservative. 

I  guess  that  is  not  true. 

F.  UofUiii:  I  don't  think  that  answer  is  in  yet. 

J.  HawiiA:  I'm  a  program  manager,  and  I'm  supposed  to  make  this  happen 
for  the  F-100  in  1985.  Quite  often,  I  find  that  I  don't  speak  the  same  language 
as  several  of  the  other  people  who  are  in  this  same  business.  "You  don't  under¬ 
stand  my  problem,  I've  got  to  make  it  work."  Then  you  come  back  and  tell  me, 
"But  you  don't  understand  some  of  the  questions  that  have  to  be  resolved."  The 
only  way  to  obtain  that  understanding  is  through  active  communication.  I  would 
point  out  that  one  of  the  problems  in  active  communication  is  the  fact  that  I 
work  for  a  company,  as  several  of  you  do,  and  that  company  has  certain  things 
which  it  considers  sensitive  to  its  well-being  in  the  future.  We  are  attempt¬ 
ing  to  work  out  the  details  to  allow  a  much  more  frequent,  intimate  interchange. 
I  think  it  is  vital.  From  my  point  of  view,  you  guys  have  got  to  learn  what's 
in  the  real  world,  and  from  your  point  of  view  I  must  learn  that  the  problems 
aren't  as  simple  as  I  sometimes  think  they  are.  This  type  of  exchange  is  a 
means  of  getting  there.  I  hope  it  can  be  frequent.  I  hope  we  can  work  out 
the  details.  We  found  it  very  helpful  to  listen  to  other  opinions  and  views. 
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Hopefully,  by  1985  we  will  all  be  on  the  same  wavelength  and  we  will  all  be 
very  happy.  I  appreciate  this  opportunity  for  us,  particularly  from  Pratt- 
Whitney,  to  have  participated  in  this.  Thank  you. 

R.  Elsie. y:  When  Panel  Three  was  talking  about  the  significance  of  inter¬ 
nal  defects,  were  they  thinking  more  about  subsurface  or  deep  internal  defects? 

0.  Smith:  My  recollection  is  that  we  talked  about  both,  and  agreed  that 
detects  close  to  the  surface  were  a  bigger  problem  than  defects  that  were  not. 

J.  ZichaAd&on:  I  also  remember  that  in  many  situations  where  we  have 
bending  stresses  applied,  the  stresses  are  strongest  on  the  surface  of  the 
weakened  side.  That  was  one  of  the  reasons.  Not  the  reasonable  one,  of  course. 

C.  Rau:  My  answer  to  that  would  be  yes,  I  think  so.  We  decided  that 
near-surface  defects  would  be  considered  as  surface  defects,  of  the  same  order 
of  importance.  If  you  have  a  near-surface  crack,  you  develop  very  large  stress 
intensity  factors  in  a  small  area  between  the  crack  near  the  surface  and  the 
surface  itself,  much  larger  than  you  would  have  for  a  surface-breaking  crack 
or  a  crack  far  away  from  the  surface. 

L.  KeAileA:  I  have  a  general  question.  It  has  to  do  with  the  performance 
history  of  the  component.  It  seems  that  at  present  it  Is  before  retirement  for 
cause  procedures  are  being  used  that  parts  are  retired  based  on  their  calculated 
lifetimes,  or  some  fraction  of  it,  and  it  seems  that  the  performance  histories 
are  integral  parts  of  the  discussions  here.  If  we  are  to  rely  on  the  NDE  methods 
for  determining  whether  or  not  a  part  is  good,  we  really  don't  need  the  perform¬ 
ance  history.  I  wonder  if  there  might  be  any  comments  about  that. 

0.  Smith:  We  talked  about  that  at  some  length  in  Panel  Three,  and  I  guess 
the  conclusion  was  that  if  NDE  techniques  were  perfect  you  wouldn't  need  to 
know  the  performance  history.  Since  they  are  not,  it  gives  a  particular  impor¬ 
tance  to  the  performance  history  as  a  source  of  extrinsic  data  about  the  state 
of  that  disc.  The  problem  is  that  we  don't  seem  to  have  any  convenient  way  to 
collect  the  detailed  and  comprehensive  performance  data  to  do  a  really  good  Job 
of  incorporating  that.  I  believe  someone  in  the  panel  summarized  It  by  saying 
that  basically  what  we  are  going  to  have  to  do  is  look  forward  and  not  look 
back;  anything  we  are  able  to  obtain  from  looking  back  will  be  a  benefit,  but 
we  can't  really  count  on  It.  Unfortunately,  we're  not  perfect. 

F.  UoaaIs :  Another  aspect  of  your  question,  though,  is  that  remaining 
lifetime,  once  a  crack  has  been  detected.  Is  sensitive  to  the  performance  his¬ 
tory,  and  so  if  one  wants  to  make  a  prediction  of  the  statistical  probability 
of  failure  with  additional  usage,  then  It  becomes  important  to  have  that  number. 


But  I  think  the  panel  concluded  that  at  least  for  the  1985  time  frame,  the 
models  weren’t  there  to  make  that  kind  of  prediction  work  and  that  would  be 
something  one  could  contemplate  applying  much  further  downstream. 

V.O.  Thompson:  Any  other  general  questions?  If  not,  I  want  to  thank 
you  all  for  participating.  I  feel  we  have  had  a  good  discussion.  As  Mike 
said  earlier  in  the  meeting,  and  this  meeting  is  under  his  sponsorship,  there 
are  many  elements  In  RFC.  It  is  about  as  multidisciplinary  as  NDE  itself, 
and  there  are  many  ramifications  to  it.  I  concur  with  some  of  the  comments 
made  earl ier  that  we  do  need  more  interactive  workshops.  Again,  thank  you 
for  your  participation. 
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